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PEPTIDES WHOSE UPTAKE BY CELLS IS U.S. Pal Ser. No. 6,630,351. All patents and publictilions, 

CONTUOLI^ABLE bath MUpro tint! inJhi, ure hereby incorporated by reference in 

their entirety. 

STATEMENT OF PBDBRALLY^SPONSOKED The uptake facilitated by MTS molecules is typically with- 

RESEARCH 5 out specificity, enhancing uptake into most or ull cells*. Thus, 

although MTS molecules are capable of entering cells, and 
This work was supported i n part by grams from the Depart- may be capable of enhancing the transport of other molecules 



of Energy, DE-FG03-01 ER63276 and from the linked to MTS molecules into cells, control and regulation of 

National Institutes of Health (NINQDS) NS27 1 77 . The gov- such transport remains difficult . However, it would be desir- 

erament may have certain rights in 'this invention. to able to have the ability to target the delivery of cargo to a type 

of cell, or to a tissue, ox to a location or redan within thebodv 

BACKGROUND OF THE INVENTION of an animal. Accordingly, (here remains a need in me an to 

target, to control and to regulate the delivery of cargo mol- 

1. Field of the Invention eeuJet by MTS molecules. 
This invention pertains to compositions and methods lor is 

transporting material across cell membranes, and methods for SUMMARY OF THE INVENTION 

making such compositions. 

2. introduction Molecules, compositions and methods for controlled 
Cell membranes delimit the outer boundaries of cells, and delivery of substances into cells by transport molecules are 

regulate transport into and out of the cell interior. Made pri- 20 provided Molecules having features of the invention include 

mariry of lipids and proteins, they provide a hydrophjlic but- peptide portions linked by a cleavable linker portion which 

face enclosing a hydrophobic interior across which materials may be a peptide. The inventors have found that the cellular 

must pass before entering a cell . Although many small, tipo- uptake of MTS molecules with multiple >ask amino acids 

philic cc^npounda are able to cross cell membranes passively, can be inhibited or prevented by the addition of a portion 

most compounds, particles and materials must rely on active 23 having multiple negative charges at physiological pH, such as 

mechanisms in order to gain entry into a living ceD. a peptide portion having multiple acidic amino acids. Thus, 

3. Transmembrane Transport suembodiu^ of the invest 

Regulation of transport into and out of a cell is vital for its tag a peptide portion A of between about 2 to about 20 addic 

continued viability. For example, cell membranes contain k>n amino adds linked by a ^ 

channels, pumps, and exchangers capable of facilitating me jo B of between about 5 to about 20 bask amino adds, so that 

tratuntfmbrano passage of many important snbatBBOCSi How- while the peptide portion A is linked to the peptide portion B, 

ever, transmembrane transport is selective: in addition to uptake of the molecule into cells b inhibited or prevented. An 

facilitating the entry of desired substances into a cell, and acidic portion A may include some amino acids that are not 

facilitating to exit of others, a major role of a cell membrane acidic amino adds, or other moieties as well; similarly, a 

is to prevent uncontrolled entry of substances into the cell 35 bask portion B may include some amino adds mat are not 

interior. This barrier function of the cell membrane makes basic amino acids, or other moieties as well. The inhibition or 

difficult the delivery of markers, drugs, nucleic adds, and prevention of uptake of a basic portion B by an acidic portion 

office exogenous material into cells. A is termed -veto" of uptake of B. After cleavage of linker X 

Over the last decade, peptide sequences that can readily so that peptide portion A may separate tern the peptide 
enter a cell have been identified. For example, the Tat protein 40 portion B, portion B is able to enter a cell, the veto due to 
of the human imm u ne d efic iency virus 1 (HTV-1) is able to portion A having been removed. A cleavable linker X is 
enter cells 60m the extracellular environment (eg., Fawell et preferably cleavable under physiological conditions, 
al. P.N.A.S. 91:664-668.(1994)). Such uptake is reviewed in. In a further embodiment, a cargo portion C including a 
for example, Richard et al, J. Biol. Cfaem. 278(1): 585-590 cargo moiety may be attached to basic portion B for transport 
(2003). 45 of a cargo portion C along with B into a cell . Thus, an embodi- 
' Such molecules that are readily taken into cells may also be mem of the invention provides compounds including a pep- 
used to carry other molecules into cells along with them. tide portion A of between about 2 to about 20 acidic amino 
Molecules that are capable of facilitating transport of sub- acids in sequence linked by a cleavable linker X to a peptide 
stances into cells have been termed "membrane translocation portion B of between about 5 to about 20 bask amino acids, 
signals" (MTS) as described in Tung et al., Advanced Drug 50 the peptide portion B being covalently attached to a cargo 
Delivery Reviews 55:281-294 (2003). The most important portion C to form a structure B-C, effective mat while the . 
MTS are rich in amino acids such as argirrine with positively peptide portion A is linked to the portion B, uptake of the 
charged side chains. Molecules transported into cell by such MTS compound into cells Is inhibited or prevented Acidic 
caticnk peptides may be termed "cargo" and may be rovers- portion A is able to veto of uptake of B-C. Transport across a 
ibly or irreversibly linked to the cationic peptides. An 55 cell membrane of cargo portion C linked to portion B is also 
example of a reversible linkage is found in Zhang et al., thus inhibited or prevented by acidic portion A. After cleav- 
P.N.A.S. 95:9 184-9 1 89 (1 994)). age of linker X so that peptide portion A may separate rrom 

MTS molecules are discussed in, for example, Wender et the peptide portion B, cargo portion C linked to peptide por- 

al , RN.A.& 97:13003-13008 (2000); HSllbrink et al., Bio- tion B is able to enter a cell as the uptake veto due to peptide 

chim. Biopkyi. Attn 1515:101-109 (2001); Derosri et al., go portion A has been removed. A cleavable linker X is prefer- 

Trends in Ceil Biology 8:84-87 (1998); Rothbard et al.,/. ably cleavable under physiological conditions, allowing 

Med, Chem. 45:3612-3618 (2002); Rothbard et al., Nature transponofcargo portion C into living cells. C^rgoportionC 

Medicine 6(11): 1253*1 247 (2000);WacKa et al., Curt. Opin- may also be cfeavabiy attached to basic portion B so that 

ion Biotech. 13:52-56 (2002); Futaki et al;. Btoconj. Chem. cargo portion C may separate from portion B within a celK 
12.1005-1011 (2001); Rothbard et a!., VS. patent Ser. No. 6* Thus, an mbodiment of the Invention provides molecules 

6,306,993; Franxel et a)., U.S. Pat. Sex No. o\31 6,003^ Rothr including a peptide portion A having multiple acidic amino 

bard et aft, U. ft ft*. Ser. No. o\495,663; and Monahan et alt, adds, e.pj, between about 2 to about 20, preferably befwem 
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about 5 and 20 acidic amino acids, the peptide portion A bung cry, a radiopaque moiety, a paramagnetic moiety, a nanopar- 

cflcclivctopwvenllhcuplakeofunMlSmolecultfhaviijga licle, a vesicle, a molecular beacon, a marker, a marker 

peptide portion U having multiple basic amino acids e.g., enzyme (e.g., borse-rndishpenjKidaseiHRPXbela-galaclosi- 

between abovt 5 to about 20, preferably between about 9 to daw. or other enzyme suitable ibr marking a cell), a contrast 

aboul 16 basic amino acids. Peptide portion A is ulso ihuv s ageul (e.g., ibr diagnostic imaging), a chemotherapeulic 

effective to prevent the enhancement of transport of cargo C agent, a mdialion-scnsilizcr (c.g„ for radiation therapy), a 

across a eel! membrane by a pepiide portion B having mul- peptideor protein that a fleets the ceil cycle, a protein toxin, or 

tipte basic amino ncids. Cleavage of a peptide portion A from other cargo suitable for transport into a cell in some embodi- 

a molecule that has a peptide portion B is effective to restore ments where C is a fluorescent moiety, a fluorescence- 

the ability of the remaining portion of the molecule including io queiK&ing moiety is attached to portion A effective to quench 

the portion B to be taken up by a cell. Cleavage of a peptide the fluorescence of the fluorescent moiety C before cleavage' 

Portia Afloos molecule that hat a cargo portion C of the linker X» and removing U» c^wxOung of fluoreioem 

covalently attached to a peptide portion B to form a structure moiety C after cleavage of linker X. 

B4: ineffective to restored A cloavable hnker X serves to connect an acidic portion A 

taken up by a cell. ,j with a basic portion B. A cleavable linker X may include, for 

In ow embodiment, a im>lec^ transport* example, between about 2 to about 100 atoms, or between 

ing a cargo moiety across a cell membrane includes a mol- about 6 to about 30 atoms. Cleavable linker portion X may 

ecule or material having the structure A-X-B-C, where C include amino acid residues, and may be a peptide linkage of 

comprises a cargo moiety, B comprises a peptide portion between about I to about 30, or between about 2 to about 10 

having multiple basic amino acids (e.g., between about 5 to w amino acid residues, A cleavable linker X suitable for the 

about 20, preferably between about 9 to about 1 6 bask amino practice of the invention may be a flexible linker. In preferred 

acids), B and C being covalently linked, A comprises a pep. embodiments, a cleavable linker X suitable for the practice of 

tideportionhavingmultiplcac^ the invention is a flexible htu\er,8Jidrnaybeabout6toabout 

about 2 to about 20, preferably between about 4 to about 20 24 atoms in length. In embodiments of the mveniion, X may 

acidic amino acids), and X comprises a cleavable linker join- is include a peptide linkage. In some preferred embodiments of 

ing A with Is-C When linked with B-C, peptide portion A is the invention, a cleavable linker X includes armnocaproic 

effective to prevent the enhancement of transport of cargo C add 

across a cell membrane. When the cleavable linker X is A cleavable linker X maybe configured for cleavage exte- 

cteaved, the peptide portion A U freed from the rest of the rior to a cell . In preferred embodiments of the invention, a 

molecule, including being freed from portion B and cargo *o cleavable linker X may be cotulguredtobeckavedinwodi. 

SWrttaCTtocaigopornoa C lemains linked to portion B tions associated with cell or tissue damage or disease. Such 

after cleavage of the cleavable linker X. The portion B is conditions include, for example, acidosis; the presence of 

effective to enhance transport of cargo portion C across a cell intracellular enzymes (that are normally confined within 

membrane in the absence of portion A. celts), including necrotic conditions ( eg., cleaved by 

In embodiments of the invention, inchdiag molecules hav. 35 calpains or other proteases that spiD out of necrotic cells); 
ing the schematic structure A-X-B and molecules having die hypoxic conditions such as a reducing environment; throm- ' 
schematic structure A-X-B^, ad oacamto of portion A bosis (eg, a linker X may be cleavable by thrombin or by 
are giutamate, aspartate, or phosphoserine. An acidic amino another enzyme associated with the blood clotting cascade); 
acidhas asidechamwhnanegmrvecha^ immune system activation (e.g., a linker X may be cleavable 
be glutamic acid, aspartic acid, or other acidic amino acid An 40 by action of an activated complement protein); or other con- 
acidic portion A having multiple acidic amino adds may have dition associated with dfi sease or injury, 
between about 2 to about 20, or between about 5 to about 20, For example, a cleavable linker X may be configured for 
or preferably from about 5 to about 9 acidic amino acids. In cleavage by an enzyme, such as a matrix metaltoprotease. 
preferred embodiments, portion A comprises 5 to 9 Other enzymes which may cleave a cleavable linker include, 
glutamate* or aspartates, and may comprise 5 to 9 consecutive 45 for example, urokinase plasminogen activator (uPA), lysoso- 
glutamates of aspartates. In embodiments, acidic amino acids mal enzymes, cathepsins, prostate-specific antigen, Herpes 
of portion A are D amino acids. In preferred embodiments, simplex virus protease, cytomegalovirus protease, thrombin, 
acidic amino acids of portion A are either D-ghuamate, D-as- caspase, and iittcrieuktn lp converting enzyme. In embodi- 
partate, or both. ments of the invention, cleavable linker X may include the 

A basic amino ac id has a side chain with a positive charge so amino acid sequence PLGLAQ (SEQ IO NO:l) or may 

at pH 6.0, and may be arginine, histidine, lysine, or Other basic include the amino acid sequence BDDDDKA (SEQ IO 

amino acid In embodiments of the invention, the basic amino N02). In other embodiments, a cleavable tinker X may 

acids of portion B are either arginine, lysine or histidine. A include a S-S linkage, or may include a. transition metal 

basic portion B having multiple basic amino acids may have complex that fells apart when the metal is reduced. A mol- 

between about 5 to about 20, or between about 9 to about 16 55 ecule embodying features of the invention may have multiple 

bask amino acids. In preferred embodiments, portion B com- linkers X Unking a plurality of portions A having acidic amino 

prisesabom9toabotitl6argmines l an^ acids to a structure B-C 

9 to about 16 consecutive arginines. In embodiments of the In embodiments of the invention, peptide portion A is 

invention, the basic amino acids of portion B are D amino located at a terminus of a polypeptide chain comprising B-C, 

acids, in preferred embodiments, basic amino acids of portion 60 or comprises the amino terminus of a polypeptide chain com- 

B are either D-arginine, D-lysine, D-histidine, or combine- prising B-C. A may be linked near lo or at the amino terminus 

tions thereof. of a polypeptide chain comprising B*C, or A may be linked 

A cargo moiety may be any molecule, material, substance, near to or at the carbcxy terminus of a polypeptide chain 

or construct that may be transported into a cell by linkage to comprising B-C. The polypeptide chain B-C may have ends* 

a MTS. A cargo portion C may include one or more cargo 65 that may be termed a B-side terminus and a C-side terminus, 

moieties. A cargo moiety may be, for example, a fluorescent A cleavable linker X may be disposed near oral the B-side 

moiety, a fluorescence-quenching moiety, a radioactive mol- terminus, os may be die posed near or at the C-side terminus. 
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Id further embodiments, a ponionor portions may be linea/or proteolytic enzymes or reducing environment foundrwurcun- 

may be cyclic. In embodiments, u cyclic molecule having ccrous cell*, nnd an acidic portion A is on inhibitory domain 

features of the invention may huvc a single linker X or may comprising D-amino acid*. 

have multiple linkers X . FIG . 4 is a schematic representation of a MTS mo lecule of 

In further embodiments of the invention, compositions and * FIG. 3 having features of the invention in which the deavable 

solutions, including pharmaceutical compositions are pro- linker is not cleaved near normal tissue, showing the inability 

vided which include compounds of the invention having pep- °f a molecule of FIG. 3 to facilitate the entry of cargo into 

tides capable of controllable delivery of cargo into a cell and normal tissue. 

o suitable carrier. Methods for producing such peptides FIO. 5 U a schemaUc representation of a MTS molecule of 

capable of controllable delivery of cargo into a cell, and to FIG. 3 having features of the invention in which the deavable 

pharmaceutical compositions containing them are also pro- linker is deaved by proteolytic enzymes or by the reducing 

vided. It will be understood mat, in embodiments of the enviroruneni found near cancer cells, showingthe ability of a 

invention, peptoida, carbamates, vinyl polymers, and other molecule of FIG. 3 to facilitate cargo entry into diseased 

molecules, wim a deavable linkage between an acidic and a tissue. 

bask portion, may also be provided. is FIG. 6A Illustrates a High Pressure Liquid Chromatogra- 

"Ine molecules, compositions and methods embodying lea- Pty (HPLC) chromatogram of a peptide having features of 

tores of the invention provide the advantages of controlling invention before cleavage of linker portion X mat it a 

the uptake of bask amino acid-containing molecules into substrate for enterokinase. 

cells, and of controlling the delivery of cargo into cells. Such HG. 6B illustrates a HPLC chromatogram of the peptide of 

controlled uptake and controlled delivery of cargo into cells 20 FIG. 6A after cleavage of linker portion X by enterokinase. 

may be useful, for example, in treatment of patients having WQ * 7A illustrates a HPLC chromatogram of a peptide 

diseased cells or tissues. For example, delivery of an imaging having features of the invention before cleavage of linker 

contrast agent or antiproliferative agent as cargo may be P°rtto& X that is a substrate for matrix metaUoprotemase-2 

directed to cancer ceils, and not to all cells in a patient, (MMP-2). 

offering the. advantage of targeted delivery to the diseased 25 nG.7BMu8trat«aHI^ 

cells, in order to enable noninvasive imaging or increase the HO. 7A after cleavage of linker portion X by MMP-Z 

effectiveness and decrease possible aide effects of the treat- HG. 8 Illustrates the njeanft^^ 

reacence-Activated Cell Sorter (BAGS) analysis of Jurkat cell 
populations Incubated for ten minutes with MTS molecules 

BRIEF DESCRIPTION Kjt i ti* DRAWINGS M having feattues of to iirvent^ 



FIG. 1A is a schematic representation of a MTS molecule „ ™?' 9 , u,U5tI ?f *■ m 5 an ftf»«»nce measured by 

having fetureio^ p ACS andysi. of Jiukat cell wdationa incubated for ten 

T^p^^mAmJLvJR bastcporhouB, ^ ^^^^^^^f^of^u^ 

• "^^J^^ 1 of \2* J*? PIG. 10 illustrates to nmn mxrescence measured by 

molecule having features of to invention comprising a basic PACS of Juriart ^ w dations incubated for ten 

pornon B,two linker portions X, and an acidic portion A. minutes wim MTS molecules haVing features of the invert- 

FIG. 2A is a schemata representation of a MTS molecule tion, with fluorescent cargo moieties, 

having features of the invention comprisinga cargo portion C, 40 FIG. 11 illustrates to mean fluorescence measured by 

abadcportionB,almke?pora\mX,8isd^ PACS analysis of Jurkat cell popdauona incubated for ten 

FIG. 2B is a schematic representation of a MTS molecule minutes with MTS molecules having features of to inven- 

having features of the invention arniprisinga cargo portion C, tion, with fluorescent cargo moieties, 

a basic portion B, a linker portion X, and an acidic portion A, FIG. 12 illustrates the mean fluorescence measured in Jur* 

tolinker portion X connecting to the cargo portion C. 45 kat cells incubated for one hour with the MTS molecules of 

FIG. 2C is a schematic representation of a MTS molecule KG. 11 . 

having features of the invention comprising a cargo C linked FIG. 13 illustrates the mean fluorescence measured in Jur- 

10 multiple copies of MTS molecules each comprising a basic kat cells incubated for ten minutes with MTS molecules hav- 

portion B, a linker portion X, and an acidic portion A. ing a disdflde linker ccomecting an acidic portion with a 

FIG, 2D is a schematic representation of a MTS molecule 50 ftorwmty labeled basic portion, or with the Omrescemly 

having features of the invention comprising a cargo p^on C, laocleo basic portion atone. 

a basic portion B, multiple (two) linker regions X, and an HO. Instates sow moieties suitable as part or dl of a 

addic portion A. cargo portion of an MTS molecules having features of the 

FIG. 2B is a schematic representation of a cyclic MTS 5J ""^^ ahistratea some moieties suitable for use as part or 

molecuJe having futures of to mventionwmphsing a cargo all of an addic portion A. 

t^^ ? A T'T m fe81QM na 16 0hMtrete8 suitable foruseaspart or 

name an actmc pornon a. all of a linker X. 

FIG. 2F is a schematic representation of a MTS molecule pjq. 17 illustrates some moieties suitable for use as part or 

having features of the invention comprising a fluorescent ^ a j| 0 f Q tadc portion B. 

cargo portion C, a basic portion B, a linker region X, and an FIG. 1 8 illustrates some polymeric moieties suitable for 

addic portion A having a quencher Q attached. U5e M 0f M of an portion A> 

FIG. 3 is a schematic representation of a MTS molecule 

having features of the invention in which a cargo portion C is DETAILED DESCRIPTION OF THE INVENTION 

a contrast agent or drug, a basic portion B is a sequence of 63 

eight to tea&^rgirtine residues (e.g., roinn(SEQ ID NO: A\ In one embodiment, a generic structure ibr peptides having 

a tinker portion X is a c feavabfe linker mat may be cleaved by features of the toyentmo is AOM*, where peptide portion & 
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include* between about S to about 20 busic amino acid: - , v s « A cargo moiety C may be, for example, a contrast ngeut for 

a cleavable linker portion, preferably cleavable under physi- diugnoslic imaging, or a chemothenipeutic drag or radiation- 

ologicnl conditions, und where peptide portion A includes tsentilizer for therapy. B may be, for example, a peptide por- 

between about 2 to about 20 acidic amino acids. In some tuni having between about 5 to about 20 basic amino acids, 

embodiments of molecu les having features nf the invention, * such as a series of basic amino acids (arginines are preAared, 

peptide portion U includes between about 5 to about 20, or although bistidincs arc also suitable, as are lysines or other 

between about 9 to uboul 1 6 basic amino acids, and may be a bBg5c an,ino ttcid, J- x '* 8 clesv » ble ,ink « ** b P»&reMy 

seriesofbasicaminoacids(e.g.,aiginines.hUtidine8,lysines. clenynble under physiological conditions. A may be a peptide 

or other bask amino acids). In some embodiments of mol- SEW*"!* ^TT" 2 10 abo * ' » * 10 *? 

ecules having feature, of the invention, peptide portion A 10 » "cute watoo BCKis such as a s^ of «idic^ aerie, 

include. betwUn about 2 to about 20, or oetWeea about .5 <o . . ^^ll^SSZ °S^ e 

about 20 addk amino adds, and may be series of acidic ^.ttj Myi! 1 ^ 

amino ^ (e.g. glutamate, a* esjanrfe, or od« ackfic S^cffiXtn^oSS^o^ 

amino adds). A schematic representation of a MTS molecule „ ^ oKZl aUnteportK 

TT^ A i' l T^ lta r.2: lliepreaeinto^ba^n^ttesurpri^mK^very 

i^lfiS. beHn^^tecato, ^icnobcul*, or iurtherdiscove^^ 

may bo hnear molecules including a cyclic portion. ration of portion A fiom portion B is eflfcetive to ailowtbe 
As dimmed above, molecules including & multiple basic uptake of portions fi and C into colli. Thus, delivery of cargo 
amino acids, such as a series of basic amino acids, are often C can be controlled and enhanced by molecules having fa- 
token up by cells. However, me present inventors have ens- 25 turn of fte invention. 

covered that molecules having structures including a basic For example, when peptide portion A contains about 5 to 
portion B, a linker portion X, and an acidic portion A are not about 9 consecutive glutamates or aspartates, and X is a 
taken up by cells. An acidic portion A may include amino flexible linker of about 2 to about 1 00, or about 6 to about 30 
acidstfaat are not acicfic. Acxhe portion Amaycomp^i^^ atoms m length, the normal ability of a peptide portion B (e.g., 
moieties, men as negatively charged moieties. In embodi- a sequence of n ine cons ec uti ve a rgiame residues) to cause 
ments of MTS molecules h^Ttstur^of^br^io^vi uptake into ceils U blocked. Cleavage of ImkerX allows the 
acinic portion A may be a negativefy charged portion, pref- separation of portion A fiom portionB and portion C, aDevi- 
erabry having about 2 to about 20 negative charges at physi - ating the veto by portion A Thus, when separa ted fiom A, the 
ological pK, that does not include an amino acid A basic noma! ability of portion B to effect me uptake of cargo C into 
portion B may include amino acids that are not bask. Basic 35 cells is regained. Such cellular uptake typically occurs near 
portion $ may comprise other moieties, such as positively the location of the cleavage event. Thus, design of cleavable 
charged moieties. In embodiments of MTS molecules having hnker X such that it is cleaved at or near a target cell is 
features oftheinvention, aba tic portion B may be a positively effective to direct uptake of cargo C into target cells. Extra- 
charged portion, preferably having between about 5 and cellular cleavage ofX allows separation ofA from the rest of 
about 20 positive charges at physiological pH, that does not 40 me molecule to allow uptake into cells, 
include an amino acid. Including an acidic portion A is cflcc- a MTS molecule having features of the invention may be 
tive to inhibit or prevent the uptake of a portion B into cells. of any length, In embodiments of MTS molecules having 
Such a block of uptake that would otherwise be effected by features of the invention, a MTS molecule may be about 7 to 
the basic amino acids of portion B may be termed a "veto" of about 40 amino acids in length, not including the length of a 
the uptake by the acidic portion A. The present inventors have 45 linker X and a cargo portion C. In other embodiments, par- 
made the further surprising discovery that cleavage of linker ticularly where multiple non-acidic (in portion A) or non- 
X,aUowing f» sc P aratio f of portion A fiom portion B is baskfm portion B)araino acids are incmdedmoiworbothof 
effective to allow the uptake of portion B into cells. portions A and B, portions A and B of a MTS molecule may 
In a further embodiment, a generic structure for peptides together be about 50, or about 60, or about 70 amino adds in 
having features of the invention is AOC-B-C, where C is a 30 length. A cyclic portion of an MTS may include about 12 to 
cargo moiety, X a linker, A an acidic portion, and B s basic about 60 amino acids, not including the length of a linker X 
portion. An acidic portion A may include amino acids that are and a cargo portion C. For example, a linear MTS molecule 
not acidic. Acidic portion A may comprise other moieties, having features of the invention may have a basic portion B 
such as negatively charged moieties. In embodiments of MTS having between about 5 to about 20 bask amino acids (pref- 
moleculw having features of the invention, an addic portion 55 erably between about 9 to about 16 basic arnino acids) and an 
A may be a negatively charged portion, preferably having acinic portion A having between about 2 to about 20 acidic 
about 2 to about 20 negative charges at physiological pH, that amino acids (e.g., between about 5 to about 2<* preferably 
does not include an amino acid. A basic portion B may between about 5 to about 9 acidie amino acids). In some 
include amino acids that are not basic. Basic portion B may preferred embodiments, a MTS molecule having features of 
comprise other moieties, such as positively charged moieties. &o the invention may have a basic portion B having between 
In embodiments of MTS molecules having features of the about 9 to about 16 basic amino acids and between about 5 to 
invention, a basic portion B may be a positively charged about 9 acidic amino acids. 

portion, preferably having between about 5 and about 20 In healthy cells, the intact compound of structure A-X-B or 

positive charges at physiological pH, that does not include on A-X-B-C would not be able to enter the cell because of the 

amino acid in preferred embodiments, the amount of nega- 65 presence of portion A. Thus, a strictly intracellular process for 

tive charge- in portion A is approximately the same as the cleaving X would be ineffective to cleave X h> healthy cells* 

amount of poiitive charge in portion &. since portion A, preventing uptake Into cells, would not be- 
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elVeclively cleaved by intracellular enzymes in heulthy cells uls, activated umides siichusumidesof 2,3 dimethylmaleamic 

since it would not be luken up und would noi gain uccess to acid, vinyl ether, other activated ethers and esters such as eno) 

such intracellular enzymes. However, where a cell is injured or sily I ethers or esters , im ines, iminjums, enamines, carbarn- 

or diseased, so thai such intracellular enzymes leak out of the ates, hydra zones, and other linkages, A linker X may be an 

cell, cleavageofA would occur, allowing entry of portion B or s amino acid or a peptide. A peptide linker may be of any 

B-C into the cell, effecting targeted delivery of portion B or of suitable length, such as, for example, about 3 to about 30, or 

cargo portion C to neighboring cells. preferably about 6 to about 24 atoms in sequence (e.g., a 

Portions A and B may include either L-amino ucids or linear peptide about 1 to 10 or preferably about 2 to 8 amino 

O-amino acids, la embodiments of the invention, D- amino acids long). A cleavable peptide linker may include an amino 

acids are preferred for the A and B portions in order to roini- 10 acid sequence recognized and cleaved by a proteose, so that 

mizc immunogenic ty and nonspecific cleavage by back- proteolytic action of the protease cleaves the linker X. 

ground peptidases or proteases. Cellular uptake of bllgo-D- One Important class of signals ii the ^ nydrorytic activity of 

arginioe lequeoces is known to be as good or better than that matrix rnrtsilc^roteiraases (MMPs), which ere very unportant 

of ofigp-L-argininea. The generic structures A-X-B and «A- in the invtstve migration of metastatic tumor ceDi. MMPs are 

X-B-C can be effective where A is at me amino terminus and is also believed to play major roles in Inflammation and stroke. 

whereAisatthecarttoxy teimln^ MMPs are reviewed in YTsse et al., Cfm JU* 92:827439 

fee peptide bonds is permissible. However; in e m bo dime n t s (2003). MMPa may be used to cleave a linker X and so to 

where X is a peptide cleavable by a protease, it may be allow separation of addle portion A from portions B and C, 

preferable to join the G terminus ofX to the N-terxninua of B, allowing cellular uptake of cargo C so that cellular uptake of 

so mat the new amino terminus created by cleavage of X 20 Cis triggered by action of MMPs. Such uptake to typiatDy in 

contributes an additional positive charge that adds to the me vicinity of the MMPs that trigger cleavage of X. Thus, 

positive charges already present in B. uptake of molecules having features of the invention are able 

Cargo portion C may be attached to Bin any location or to direct cellulw uptakcof cargo C to specific cells, tissues, or 
orientation. A cargo portion C need not be located at an regions having activeMMPsm the cxtraeeJlular environment, 
opposite end of portion B than a linker X. Any location of as For example, a linker X that includes the amino-acid 
attachment of C to B is acceptable as long as that attachment sequence PLOLA0 (SBQ ID NO: 1) may be cleaved by me 
remains after X ii cleaved For example, a cargo portion C mctalfcprotcmase enzyme MMP-2 (a major MMP in cancer 
may be attached to or near to an end of portion B with linker and mflammntion). Cleavage of such a linker X occurs 
X attached to an opposite end of portion B as illustrated in between the central G and L residues, causing cell uptake to 
FIGS. 2A and 2B. A cargo portion C may also be attached to so increase by 10 to 20-fold (see Example 4). A greet deal is 
cffneartoanendofpordonBwimlirAerXatta^ known about the substrate preferences of different MMPs, so 
to the same end of portion B. In some embodiments of me mat linkers X may be designed that are able to bias X to be 
invention, a linker X may link to a cargo portion C which is preferentially sensitive to particular subclasses of MMPs, or 
linked to a basic portion B as illustrated in FIG. 2B. FIG. 2C to individual members of the large MMP family of protein- 
is a sche mat ic representation of a MTS molecule having » ases. For example, in some embodiments, linkers X designed 
features of the invention comprising a cargo portkmC linked to be cleaved by mornbrmie-ejx&afed MMPs are particularly 
to multiple basic portions B, each of which basic portions B preferred because their actr/hy remain localized to 
are linked to a linker rxtttto^ surface of the expressing cell. In alternative etnbcdlmenlB, 
portion A. linkers X designed to be cleaved by a soxuble secreted MMP 

A linker X may be designed for cleavage in the presence of 40 are preferred where diffusion of cargo C away ftom the exact 

particular conditions or in a particular environment. In pre- location of cleavage may be desired, thereby increasing the 

ferred embodiments, a linker X is cleavable under physiologi- spatial distribution of the cargo. Other linkers X cleavable by 

col conditions. Cleavage of such a linker X may, for example, other MMPs are discussed in Example 9. 

be enhanced or may be effected by particular pathological Hypoxia is an important pathological signal. For example, 

signals or a particular environment related to cells in which 45 hypoxia is thought to cause cancer cells to become more 

cargodelrvery isdeslred. Trie design of a linker X for cleavage resistant to radiation and chemotherapy, and also to initiate 

by specific conditions, such aa by a specific enzyme, allows angiogenesiB. A linker X suitable for cleavage in or near 

the targeting of cellular uptake to a specific location where tissues suffering from hypoxia enables targeting of portion B 

such conditions obtain, Thus, one important way mat MTS and C to cancer cells and cancerous tissues, infarct regions, 

molecules having features of the invention provide specific 50 and other hypoxic regions. For example, a linker X that 

targeting of cellular uptake to desired cells, tissues, or regions includes a disulfide bond is preferentially cleaved in hypoxic 

is by the design of the linker portion X to be cleaved by regions and 10 targets cargo delivery to cells in such a region, 

conditions near ouch targeted ceils, tissues, or regions. After In a hypoxic environment in the presence of, for example, 

cleavage of a linker X, the |»rtions B-C of the molecule are leaky or necrotic cells, free thiols and ote reo\)cing agents 

then a simple conjugate ofB and C, in some instances retain* 55 become available extraceUularry, while the 0 2 that normally 

ing a relatively small, inert stub remaining from a residual keeps the extracellular environment oxidizing is by deflnrtion 

portion of linker X. depleted. This shift in the redox balance should promote 

A linker portion X may be cleavable by conditions found in reduction and cleavage of a disulfide bond within a linker X. 

the extracellular environment, such as acidic conditions In addition to disulfide linkages which take advantage of 

which may be found near cancerous cells and tissues or a 60 thiol-disulfide equilibria, linkages including qumones that 

reducing environment, as may be found near hypoxic or fell apart when reduced to byuruquinones may be used in a 

ischemic cells and tissues; by proteases or other enzymes linker X designed to be cleaved in a hypoxic environment 

found oo the surface of cells or released near cells having a Necrosis often leads to release of enzymes or other cell 

condition to be treated, such as diseased, apoptotic or necrotic contents that may be used to trigger cleavage of a linker X. A 

cells and tissues; or by other conditions or factors. An acid* 65 linker X designed for cleavage in regions of necrosis in the 

labile tinker may be, for example^ a eis-eccnitit add linker. absence of hypoxia, for examples tnay be one that to cleaved 

Other examples of plf-senjiuve linkage* include acef afs, ket- by cafpams or other proteases thai may be released from 
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necrotic cells. Such cleavage of linkers X by e;ilpaimi would with acidic portion A. 1*10. Ill shows a cyclic MI'S molecule 

release Ihe connected port ions B-CTrvni portion A, h How ing having Iciilures of (he invention thai includes two linker 

cargo lo be taken up by diseased cells and by neighboring regions Xa and Xb connecting baste portion 1) with acidic 

cells that had not yet become hilly leaky. portion A. In the MTS molecules schematically illustrated in 

Acidosis is also commonly observed in sites of damaged or s FIGS. 2D and 2E, both linkers Xa and Xb must be cleaved 

hypoxic (issue, due to ihe Warburg shi A irom oxidative phos* before acidic portion A is separated from basic portion B 

phorylatkm to anaerobic glycolysis and lactic acid produc- allowing entry of portion B and cargo portion C (if any) to 

tion. Such local acidity could be sensed either by making an enter a cell. It will be understood that o linker region may link 

acid-labile linked X (e.g. , by including in X an acetal or vinyl to either a basic portion B or a cargo portion C independently 

ether linkage). Alternatively, or in addition, acidosis may be to ofanother linker that may be present, and truit, where desired, 

used as a trigger of cargo uptake by replacing some of the more, than two linker regions X may be included, 

arginines within B by Mstidinea, which only become canonic Combinations of two or more linkers X may be usee w 

below pH 7. further modulate the targeting and delivery of molecules to 

Molecules having features of the invention are suitable for desired cells, tissue or regions. Boolean combinations of 

carrying different cargoes, Including different types of car- is extracellular signals can be detected to widen or oanow the 

goes and Afferent species of the same types of cargo, for specificity of the cleavage of linkers X if desired. Where 

uptake into cells. Per example, different types of cargo may multiple linkers X are linked in parallel, the spe cifici t y of 

include marker cargoes (eg., fluorescent or radioactive label cleavage is narrowed, since each linker X must be cleaved 

moieties) and therapeutic cargoes (e.g., chemotherapeutic before portion A may separate from the remainder of the 

molecules such as methotrexate or doxorubicin), or other 30 molecule. Where multiple linkers X are linked in series, the 

cargoes. Where destruction of aberrant or diseased cells is specificity of cleavage is broadened, since cleavage on any 

therapeutically required, a therapeutic cargo may include a one linker X allows separation of portion A from the remain- 

"cytotoxic agent," i e. a substance that inhibits or prevents the der of the molecule. For example, in order to detect either a 

function of cells and/or causes destruction of cells. In some protease OR hypoxia (i.e., to cleave X in the presence of 

embodiments, a single molecule having features of the Inven- 2S either protease or hypoxia), a linker X Is designed to place the 

boo may mdudenwre than one cargo portion^ protease-tensitive and reduction-sensitive sites in tandem, so 

portion B may be linked to multiple cargoes C. &ich multiple that cleevage of either would suffice to allow separation of the 

cargoes C may include marker cargoes, therapeutic cargoes, acidic portion A Alternatively, in order to detect the presence 

or other cargoes. Multiple cargo moieties may show, for of bom a protease AND hypoxia (i.e., to cleave X in the 

example, dcuVery of both e radioactive marker and an ultra- so presence of both protease and hypoxia but not in the presence 

sound or contrast agent, allowing imaging by dtfferent of only one alone), a Hnker X is designed to place the process e 

modalities.. Alternatively, for example, delivery of redfo*> sensitive site between at least one pejr of cysteines mat are 

tive cargo along with an anti-cancer agent, providing disulfide-bonded to each other. In mat case, both protease 

enhanced anticancer activity, or delivery of a radioactive cleavage AND disulfide reduction are required in order to 
cargo with a fluorescent cargo, allowing multiple means of m allow separation of portion A. 

localizing and identifying cells which have taken up cargo. The feet that capillaries are often leaky around tumors and 

Delivery of cargo such as a fluorescent molecule may be other trauma sites should enhance the ability of high molecu- 

used to vi sualize cells having a certain condition or cells in a lar weight molecules (e,g. , molecular weight of about 40 kDa 

region exhibiting a particular condition. For example, throm- or more) to reach me interstitial compartment Since the 

bosis (clot formation) may be visualized by designing a linker 40 cleavage of a linker X is typically extracellular, some 

X to be cleaved by any of themany proteases in the blood clot bystander labeling is expected, Le. cells that do not express 

formation cascade for delivery of a cargo incruding a ftuores- the relevant protease but that are immediately adjacent to 

cent or other marker to the region. Similarly, complement expressing cells are likely to pick up some of the cargo: For 

activation may be visualized by designing a linker X to be tumors, such bystander targeting is considered beneficial 

cleaved by any one or more.of the proteases in the comple- 45 because of the heterogeneity of cell phenotypes and the wish 

ment activatkra cascades for delivery of a fluorescent or other to eliminate as high a percentage of suspicious cells, 

marker to the region. Thus, fluorescent molecules are one The fact that a single mechanism can mediate uptake of 

example of a marker that may be oeJrvered to target cells and both imaging and therapeutic cargoes will be particularly 

regions upon release of a portion A upon cleavage of a linker valuable, because imaging with noninjurious tracer Quantities 

X. 50 can be used to test whether a subsequent therapeutic dose is 

A molecule having features of the invention may include likely to concentrate correctly in the target tissue, 

one or more linkers X so that an acidic portion A may be D amino acids may be used in MTS molecules having 

linked to portions B and C by one or more linkages. Such features of the invention. For example, some or all of the 

linkages connecting to portion A may be to portion 8, to peptides of portions A and B may be Domino acids in some 

portion C, or to both portions B and C. Where a molecule 55 preferred embodiments of the invention In an embodiment of 

having features of the invention includes multiple linkages X, the invention suitable for delivering a detectable marker to a 

separation of portion A from the other portions of the mol- target cell, a MTS having features of the invention includes a 

ecule requires cleavage of all linkages X. Cleavage of mah contrast agent as cargo C attached to a basic portion B com* 

tiple linkers X may be simultaneous or sequential Multiple prising 8 to 10 D-arginines. Acidic portion A may include 

linkages Xmay include linkages X having different specifier- 60 Domino ecids as well. Similarly, a drug may be delivered to 

ties, so that separation uf portion A from (he other portions of a cell by such molecules having a basic portion B including 8 

the molecule requires that more than one condition or eovi* to 10 D-arginines and an acidic portion A including acidic 

ronment ("extracellular signals 11 ) be encountered by the mol- Domino acids. A schematic representation of such MTS 

ecule. Cleavage of multiple linkers X thus serves as a detector molecules is shown in FIG. >, 

of combinations of such extracellular signals. FIG. 2D shows 65 It will be understood that a MTS molecule having features- 

a MTS molecule having features of the invention that uxrudea of the invention may include nonstandard ammo arid*, web 

two linker portion* Xa and Xh connecting bask portion 0 aa, for example, hydro xyiy sme, desmoiines iscdesmosine, or 
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other non-standard amino uckis. A MTS molecule having etc.; b) radiation sensitizing agents such as porphyrins tor 

features of the invention may include modified amino tieids, pholodynaraic therapy, or ,y B clusters or " 7 Cd for neutron 

including post-translalionally modified amino ucids such as, capture therapy; or c) peptides or proteins that modulate 

for example, methylated amino acids (e.g., methyl hisudine, apoplosis, the cell cycle, or other crucial signaling cascades, 

methylated forms of lysine, etc.), acelyhtted uraino acids, 5 Basting chemolhenipeutic drugs may be used, although they 

amidatcd amino acids, formylated amino acids, bydroxylatcd may not be ideal, because they have already been selected for 

amino acids, phosphory lated amino acids, or other modified some ability to enter cells on their own. In embodiments of the 

umtno ocids. A MTS molecule having features of the inven- molecules of the invention, cargoes that are unable to enter or 

lion may also include peptide mimetic moieties, including . leave cells without the help of the polybasic portion B may be 
portion* linked by non-peptide boncte and amino acids linked io preferred 

by or to □on •amino acid portions. For example, a MTS mol- Cargo C may include a radioactive moiety, for example a 

ecuie having features of the invention may include peptoidsi fadloacrive^otopesTKbaB* 1 ; Al» J ^ l **U**Y> AM Re, 1 "Re, 

carbamates, vinyl polymers, or other molecules having non- ,4, Sm, llJ Bi, U P, radioactive isotopes of Lu, and others. 
peptkfelinJatgabmafv^ Cargo portion C may include a fluorescent moiety, such as 

to a basic po rtkm having a cargo moi cty. is a fluorescent protein, peptide, or fluorescent dye molecule. 

The linker portionXmay be oesigaed so that it b cleaved, Common classes of fberescent dyes include, but are not 

for example, by proteolytic enzyme* or reducing environ- limited to, xanthoses such as rhodamines, rbodols and floo- 

ment, as may be found near cancerous cells. Such an envi- resceins, and their derivatives; bimanes; conmarins and their 

ronment, or such enzymes, are typically not found near nor- derivatives such as umbclliferoce and arrinomethyl con* 
mal cells. FIO. 4 illustrates a MTS molecule as shown in FIG. 20 marina; aromatic amines such as dansyl; squarate dyes; ben- 

3, having 0 cleavable linker X designed to be cleaved near zoftaons; fluorescent cyanines; carbazoles; dicyanomethyl- 

cancerou/ cells. As illustrated in FIO. 4, me deavable linker ene pyrtnes, porymethinc, oxabeazaodtrane, xanthene, 

is not cleaved near normal tissue. PIG. 4 illustrates the ability pyrylium, carbostyl, perylene, acridone, quinacridone, 

of a MTS having a portion A capable of vetoing cellular rabrcne, anthracene, coronene, phenanthieccne, pyrene, 

uptake of a portion B, and of a portion B-C, blocking the entry 25 butacflene, stilbene, lanthanide metal chelate complexes, rare- 

of cargo into normal tissue. earth metal chelate complexes, and derivatives of such dyes. 

However, is illustrated in FIO. 5, the linker portion X may Fruorcscent dyes are discussed, for example, in U.S. Pat. No. 

be cleaved, for example, by proteolytic enzymes or reducing 4,452,720, U.S. Pat, No. 5,227,487, and U.S. Pat No. 5,543, 

environment found near csriceroui cells to deirver amarkeror 295. 

a drug to cancerous oeiis, As shown in FIG, 5, a MTS moi- 30 A cargo portion C may include b fluorescein dye. Typical 
, ecuk of FIG, 5 with a cleavable linker X that is cleaved by flncmcein dyes include, but are not limited to, 5<arboxy- 
proteorytic enzymes or by the reducing errvironment near fluorescein, £hiorescein-5-isotrnccyBfiate and o^^xyfluo- 
cancer cells is able to fecilitate cargo entry into diseased resoein; examples of other fluorescein dyes can be found, for 
tissue. Thus, the selective cleavage of the linker X and the example, in US. Pat No. 6,008,379, U.S. Pat No. 5,750,409, 
. resulting separation of cargo C and basic portion B from u U.S. Pat. No. 5,066,580, andU& Pat No. 4,439356. A cargo 
ackhc portion A allows the targeted uptake ofcargo into coll b portion C may include a rhodarnine dye, such as, for example, 
having selected features (e.g., enzymes), or located near to, a telramethyhhodaminc^-iaoth^ 5-carboxytetram- 
particular environment. Thus, molecules having features of cthylmodamine, 5-carboxy rhodol derivatives, tetramethyl 
me invention are able to selectively deliver cargo to target and tetraelhyl rhodarnine, diphenyldimethyl and mphenyldi- 
cells without doing so to normal or otherwise non-targeted 40 ethyl rhodarnine, (Unaphthyl rhodarnine, rhodarnine 101 sul- 
cells. fonyl chloride (sold under the tradename ofTEXAS RED®), 
In some embodiments, cargo C may be a fluorescent mol- and other rhodarnine dyes. Other rhodarnine dyes can be 
ecule such as fluorescein. Fluorescent cargo moieties enable found, for example, in U.S. Pat No. 6,080,852, U.S. Pat No. 
easy measurement by fluorescence microscopy or flow 6,025,505, VS. Pat. No. 5,936,087, US. Pat No. 5,750,409. 
cytometry in unfixed cultured cells. However, oligoarginine 45 A cargo portion C may include a cyanine dye, such as, for 
sequences, such as make up portion B, have been demon- example, Cy3, Cy3B, Cy3. 5, Cy5, Cy5.5, Cy 7. 
strsted to import a very wide varieties of cargoes C, ranging Some of the above compounds or their derivatives will 
from small polar molecules to nanopartJcks and vesicles produce phosphorescence in addition to fluorescence, or will 
(Tung & Weisaleder (2003) Advanced Drug Delivery only phosphoresce. Some phosphorescent compounds 
Reviews 55: 281-294). Thus, in embodiments of the inven* 50 include porphyrins, phthab cyanines, poryaromatk com- 
tion, a cargo portion C may be any suitable cargo moiety pounds such as pyrenes, anthracenes and ecenaphtheae*, and 
capable of bong taken up by a cell while connected to a basic so forth, and may be, or may be included in, a cargo portion C 
portion B. A cargo portion C may also be or include a fluorescence 
For example, for in vivo imaging purposes, C may be quencher, such as, for example, a (4-dimethylamino-pheny- 
labeled with a rx>gitron-emitring isotope (eg. l, F) for ss lazo)benzoic acid (DABCYL) group, 
positron emission tomography (POT), gamma-ray isotope A pair of compounds may be connected to form a molecu- 
le, g. "*Tc) for 8 ingle photon emission computed tomogra- lar beacon, having complementary regions with a fluoiophore 
phy (SPECT), a paramagnetic molecule or nanoparticle (e.g. and a fluorescent quencher associated together so that the 
Cd 1 * chelate or coated magnetite nanoparticle) for magnetic fluorescence of the ffuorophore is quenched by the quencher. 
' resonance imaging (MRI), a near-infrared fluorophore for 60 One or both of the complementary regions may be part of the 
near- infra red (near-lR) imaging, a luciferase (firefly, bacte- cargo portion C. Where only one of the complementary 
rial, orcoclenterate) or other luminescent molecule for bio lu- regions (e.g., the fluorescent moiety) is part of the cargo 
minescence imaging, or a pcrffuorocarbon-filled vesicle for portion C, and where the quencher moiety is part of the linker 
ultrasound. For therapeutic purposes, for example, suitable X or the acidic portion A, then cleavage of the linker X will 
classes of cargo include but are not limited to : a) cheraothera- 63 a How fluorescence of the fluorescent portion and detection of 
peutic agents such as doxorubicin, mitomycin paelitaxe^ the cleavage. Upon cellular uptake, the fluorescent portion of 
nitrogen mustards, etoposkfe, camytothocin, 5-ffuorouracit a molecular beacon will allow detection of the cell For 
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uKimpJc, ui illusiniled in V K>. 21\ u quencher Q may be polynucleotide encoding the desired umino acid sequence, 
attached lo iin acidic portion A to form u MTS molecule Such polynucleotides may also include promoter and other 
having Jcaturw ofihe invention Q-A-X-B-C where cargo Cw sequences, and may be incorporated into a vector for trans- 
fluorescent and is quenched by Q.Thc quenching ofC by Q is lection (which may be stable or transient) in a host cell, 
relieved upon cleavage of X, allowing fluorescent marking of s The construction of expression vectors and Ibe expression 
acclltakingupportionB<:.Thccombinationorfliioa^encc of genes in transfcctcd cells involves the use of molecular 
dequcnching and selective uptake should increase contrast cloning techniques that are well known in the art. See, for 
between tissues able to cleave X compared to those that example, Sambrooketal.,ito/e^ 
cannot cleave X. Manual, Cold Spring Harbor Laboratory, Cold Spring H ax- 
Cargo C may include a chanotherapeutic moiety, such as a 10 bor, N.Y., (1989) and Current Protocols in Molecular Biol- 
cbemical compound useful in tbe treatment of cancer, or other ogy, R M Ausubel et al., cds,, (Current Protocols, a joint 
therapeutic moiety, such as an agent useful m the treatment of venture between Oreehe PubhShmg^sodatds t Inc. and John 
ischemic tissue, or of necrotic tissue, or other therapeutic Wiley & Sons, Inc., most recent Supplement). Nucleic acids 
agent. Died lo transfect cells win auqiiohctn coding for expression 
MTS molecules having features of the invention may be is of the polypeptide of interest generally win be in me form of 
rynthesteed by standard synthetic techniques, such at, for en expression vector Inc^ 

example, solid phase synthesis Including solid phase peptide operative*/ linked to a nucleotide sequence coding for 

synthesis. An example of peptide synthesis using Pmoc is expression of the polypeptide. As used herein, "operativery 

given as Example 1 below. For example, ccjiventionai solid linked 11 refers to a juxtaposition wherein tbe components to 

phase memods for synthesiang peptides may start with N-al- 20 described are In a relationship permitting them to function in 

pha-ptotectod amino acid anhydrides that are prepared in their intended manner. A control sequence opcrfitrvely linked 

crystallined form or prepared freshly in solution, and are used to a coding sequence is Bgated such that expression of the 

for successive amino add addition at the N-terminus. At each coding sequence is achieved under conditions compatible 

residue addition, me growing peptide (cm a solid support) is with tbe control sequences, "Control sequencer refers to 

acid treated to remove the N-elpha-protectKe group, washed 25 polynucleotide sequences which are necessary to effect the 

several times to remove residua! acid and to promote acces- expression of codingand non-coding sentences to which they 

libilhy of the peptide terminus to the reaction medium. The are ligated. Control sequences generally include promoter, 

peptide is then reacted with an activated N-protected amino riboaomal binding site, and transcription termination 

scidcynmictricalanhydria^ sequence. Tbe term ^control secraences ,, is intended to 

At each residue-additfon step, the amino acid addition reac- 30 include, at a minimnm, components whose preeence can 

tion may be repeated for a total of two or three separate im^uenceexpre^c^s^ can also inch^ add^nalccmpo- 

action reactions, to increase tbe pcrceirt of growing peptide nents whose presence U sdvantageous, for example, leader 

molecules which are reacted, lypfcafly, 1 to 2 reaction cycles sequences and fusion partner sequences. As used herein, the 

are used for the first twelve residue additions, and 2 lo 3 term "nucleotide sequence coding for expression or a 

reaction cycles for the remaining residues. 39 polypeptide refers to a sequence that, upon transcript^ 

After completing the growing peptide chains, me protected translation of mRMA, produces the polypeptide. This can 

peptide resin is treated with a strong acid such, as liquid include s eq u ences containing, eg, introna. Aa used herein, 

hydrofluoric acid or trifluoroacetjc acid to deblock: and tbe term "expres rian control seqiisnces" refers to nucleic- acid 

release the peptides from the support For preparing an ami- sequences mat regulate the expression of a nucleic acid 

dated peptide, the resin support used in the synthesis is 40 sequence to which it is operadvexy linked Expression control 

selected to supply a C^erminal amide, after peptide cleavage sequences are operativery linked to a nucleic acid sequence 

from the resin. After removal of die strong acid, the peptide when the expression control sequences control and regulate 

may be extracted into 1M acetic acid solution and ryo- the transcription and, as appropriate, translation of the nuclei c 

phiLired. The peptide can be isolated by an initial separation acid sequence. Thus, expression control sequences can 

by gel filtration, to remove peptide dimers and higher molecu- 4$ include appropriate promoters, enhancers, transcription ter> 

lar weight polymers, and also to remove undesired salts The minators, a start codon (i.e., ATO) in front of a protein* 

partially purified peptide may be further purified by prepara- encoding gene, splicing signals for introna, maintenance of 

tive HPLC chromatography, and the purity and identity of the tbe correct reading frame of that gene to permit proper trans- 

peptide confirmed by amino acid composition analysis, mass lotion of the mRNA, and step codems. 

spectrometry and by analytical HPLC (e.g., In two different so Methods which are well known to mose skilled in the art 

solvent systems). can be used to construct expression vectors containing the 

The invention also provides polynucleotides encoding fluorescent indicator coding sequence and appropriate tran- 

MTS molecules described herein. The term "polynucleotide" scripdonai/Uanslatiosa) control signals. These methods 

refers to a polymeric form of nucleotides of at least 10 bases include in vitro recombinant DNA techniques, synthetic tcch- 

in length. The nucleotides can be ribonucleotides, deoxy- 55 niquea and in vivo recombination/genetic recombination, 

nucleotides, or modified forms of either type of nucleotide. (See, fbrexample, the techniques described in Maniatis, et al., 

Tbe term includes single and double stranded forma of DNA. Molecular Cloning A Laboratory Manual, Cold Spring Har- 

The term therefore includes, for example, a recombinant bor Laboratory, N Y, 1989), Transformation of a host cell 

DNA which is incorporated into a vector, e.g., an expression with recombinant DMA may be carried out by conventional 

vector, into aa autonomously replicating pJesmid or virus; or 60 techniques as are well known to those skilled in the art. Where 

into the genomic DNA of a pmkaryote or eukaryote, or which the host is prokaryuiic, such as £ coll, competent cells which 

exists as a separate molecule (e.g., a cDNAJ independent of are capable of DNA uptake can be prepared from ceils har- 

other sequences. vested after exponential growth phase and subsequently 

These polynucleotides include DNA. cDNA, and RNA treated by the CoCi, method by procedures well known in the 

sequences which encode MTS molecules having features of 65 art. Alternatively, MgC^ os RbCl can be used. Transforms- 

me invention^ or portions thereof Peptide portions may be tion can also be performed after forming a* protoplast of the 

produced by recombinant mean*, including synthesis by host cell cr by eleenoporatfoa 
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When the host is u eukary ole, such imMho& of trunslec lion peptide wus purified on HP1X- and lyophilized overnight, 

of UNA us calcium phospmttc co-prccipiuues, conventional Uuch peptide composition was conllrmcd by mass spcclrom- 

mechanical procedures such as microinjection, cleelroporn- etry. 
lion, insertion of a plssmid encased in liposomes, or virus 

vectors may be used. Kukaryotic celts can also be entrant * lsX AMPLE 2 
Tected with DNA sequences encoding the fusion polypeptide 

of the invention, and a second foreign DNA molecule encod- Peptide Cleavage by Enterokinase 

ing a selectable phenotype, such as the herpes simplex thy- 10 V* °- 38 «M peptide dissolved in water stock solution 

raidine kinase gone. Another method is to use a eukaryotic wa * ***** * 10 M» U/gl Enterokinase (Invilrogen, EKmax) 

viral vector, such as simian virus 40 (SV40) or bovine papil- 10 progiess was monitored by injecting 5 ul of 

loma virus, to transiently infect or transform eukaryotkceUs *• ~ clk>n j ai ! a !^ on J? P *£ mowt ?! d * 

and express the protein. (Eukaryotic Viral^U Cold j^™^^ 

for the isolation and purification of porypepddes of the inven* l3 flSmSch^ 

don expressed in pmkaryotes or eukaryotes may be by any U-OrT)^ 

cnnyentkmal mom. such as. for example, preparative chio- ^bet^KandA)^ 

matographic separations and immunological separations -«p^» indicates a sequence of nine axginines ) The HPLC 

such a* those involving the use of monoclonal or polyclonal chronuttograms showed mat the peptide wai cleaved almost 

antfcodie* or antigen. 20 completely after 1 5 mio reaction time. FIO. 6B illustrates the 

It will be understood that the compounds of the present HPLCchromatogram of the peptide of FIG. 6A after cleavage 

invention can be formulated in phannaceuticalry useful com- by entemkmase. Toe new peak wascoUectedandc^ennined 

positions. Such pharmaceuticaJ compositions may be pre- on a mass spectrometer, The determined mass corresponded 

pared araxdingto loom (as expected) to deavagebetwomK and Am 

pounds having features of the invention, and having a cargo 35 EDDDDKA>ac8-R v -a<»-C(Fl>CX)NH 2 .(SEQ ID NO: 3) 
portion C mat is, for example, a therapeutic moiety, may be 

combined in admixture with a phaimaceutlcaUy acceptable EXAMPLE 3 
carrier vehicle. Suitable vehicles and their tormulatfcm, inch)- 

live of other human proteins, e.g. human serum albumin are Peptides Having Acidic portions to Veto Uptake 

described, tor example, in Remington* Pharmaceutical Sci- 30 Peptide motocules having features of the invention, having 

encts by B. W, Martin, which it hereby incorporated by &»rescent cargo moieties connected to basic portions (hav- 

reference. Such compositions will contain an effective ing multiple argjmne residues), these latter being linked by 

amount of the compounds hereof together with a suitable cleavable bnkers to an acidic portion (having multiple 

amount of vehicle in order to prepare p har maceutical^ ghitamate residues), were synthesized and tested for ability to 

acceptable compositions suitable for effective administra- 33 deliver cargo into ceils. Peptides showing ability of ohgo- 

tion. Dosages and dosing regimens may be detennined tor the ghitamates to veto oh'goargimne-mediated cellular uptake 

indications and compounds by methods known in the art, include: 
kemding deteinuning (eg., in experimental animals) the 

effective dose which causes half of those treated to respond to 

the treatment (ED^) by providing a range of doses to experi - <° V^^^^^TT^' 15,0 10 mi S) 

rnental animals or subjects and noting the responses, * mHl {lUm * cyclifl ' 6 * 47> 

ri-ao*-CEEB2-ac«'RRraRRJUlRC-COHH 2 (68Q 3D WO: 6) 

EXAMPLE 1 (Xln**r or cyclic, 6-10) 

Peptide Synthesis 45 ^ c P t ^ 01 ^ 10WU1 8 cleavage-dependent uptake include; 

A number of peptides whose cell uptake could be modu- 
lated were synthesized In the following, the foHowingsym- HaH-iWDroDKA-wa-iwiasuuuut-Ac*- (sec id ho> i) 
bols, where used, are used with the indicated meaning?: cl ! 1, " C0MK » tf ""' aitwrojan... 
n-fiucrescein; ac*^c>c*proic acid linker (-HN-(CH2)5- 50 «»» 
CO-), (M^cyateine, B^gjutainate, R«L-anpnine, I>L- K^-iDnnino\-*c4-juuuuuOTR-«c«- (seq id hd : a> 
aspartate, K^L-lysine, A-L-alanine, r =D-arginiae, c^D-cys- ctfi) -cohh, <s-u, znt»xoXin*»« 
teine, e-D-giutamate, P«L-proline, L-L-leucine, G-gry cine, 

V«valiae, I=isoleucine, M^ethmine, F*phenylaiaiiine f ^-tBxasnDODiuuowjuuwiw-«oi- <seq id do, b> 

Y°tyrosine, W^tryptophan, H^ustidine, Q»gtotamine, ss cipij-cosh, t«-2i ( BntmfciTUM 

N=asparagtne , S^serine, and T 8 mreonine. In sequences dis- eubatret e) 

cussed below, lower case letters indicate the D isomer of the t „ 

flminnft^irl Hja-snmODOKX-aca-rTxrrrrrx-ae*. (SB) 10 BOr JO) 

ammo acta c<n>-coB-* a u-19. 

Peptides were synthesized on a peptide synthesizer (Pto- Bnt»rokina«* «ub#tr«te) 

neerPepttdeSynthesis System by Applied Biosy stems) using go 
solid phase synthesis method and commercial available Fmoc 

amino acids, resins, and the other reagents. The peptides were Bubicr«t«) 
cleaved with TFA/thbaaisole/triisopropylsilane or TFA/thio- 

arusole/triisopropylsilane/etiiane^ Peptides were M"Bsa»D0XAR-ae«-RR-«ea-r«-4e«- isbq id no= 121 

febeIedwifcMaa*6)^^ 65 ^"•£1^^ spates 
on the amino group on the peptide 09 with 5-ioobacetamid- 
offoorescein on the thiol group on the peptide. The crude 



H,R-DDDODDKARIUUUWRRR-iiC*-ClPl) - (SEQ ID NO. H) 
COMH, (7-2, Bncoroklnaie 
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The ability of MTS moleculei having disul (We linker* X to 
continued provide controlled delivery of u cargo portion was tested 

using peptide 7-45 (SEQ ID NO: 14) having the structure 



HjH-eteeeo-ece-PLOLAG-rrrrrrrrr- (SEQ ID NO: n) 
• Ce-clPU-COHH» (7- 6, Mi? -2 
cubit rate, cleaved between PLO end 
LAC) 



H 3 N — eecMtc — CONH, 



-<ceeecj- 

EXAMPLE 4 F1 — *™nm— CONll, 

!^2 C SwIS^^^^^ ): '° to which a di^ftde bond be,*** the «. cyrteioe. **, 

in l * 8 i , > WM aa ^^ fc ™f a *PSS: (tcidtc portion H,N-eeeeeec-CONH, (SEQ ID NO: 15)witl» 
&ES»»£dM^^ Ih.^rtJooH-nmnnciSiH, (SEQ1DNO: lift* 

^ S^LSILX! t?7 ?,S b«ic portion carriei the cargo portion, Auoiwoem nwiety F! 

™t£a^^ » TO with 23 «M tris(carbo*ye^^ 

^ showing coinpleteconvcr- 20 2 50rnM2-mercarrfr J ^^ 



the disulfide linker X, then incubated with Jurkat cells for ten 

nv audi d < minutes, the fluorescence taken up by the cells was compa- 

CAAMFLb 5 rable to that of cells incubated lor 10 minutes in die presence 

, ^ ,« ofR10.Thus,arOTaK*lecmlebBVh^ 

FACS Analysis of Cell Uptake; tioa, with a disulfide linker X, is able to provide controlled 

The tannanT cell line-wide type Jurkat cells were cultured delivery of cargo portion to cells, 
in RPMI 1640 media with 10H (v/v) deactivated fetal calf 

sorum(FBS)and reached density MxlO'ce^ EXAMPLE 6 
was refreshed one day before being used. Before the expert- 

meat, the Jarkit cells were washed with HBS5 buffer three MIS Mblecules having Muying Lengths 

time* and reauspended in HBSS at (O^-l^lf/ celts/ml den- MIS molecules having features of tto invention may have 

sity. In the cell uptake experiment, cells were stained with 1 different numbers of bade amino acids, different numbers of 

uM peptide or compound at room temperature for lOmin, acidic amino acids, and different linkers, Several examples of 

then washed twice with cold HBSS and submitted for FACS different MTS molecules Uhmrating features of toe invention 

analysis. Ceil uptake was monitored by fhmrescence at 530 M are presented in this Example, in which a fluorescent cargo 

am run on FACS and 5,000-10,000 events were recorded moiety b exemplified by fluorescein (Fl), a radbactSve cargo 
flora ceils judged to be healthy by their forward and side moiety is exemplified by 125 I, and a therapeutic cargo by 

scatter. The data represent mean fluorescence of the recorded doxorubicin (DQX). 
cell population indicating uptake of the fluorescentfy labeled 
comjxjuods. In most experiments, F1-OOR IO <X3NN 3 (abbre- 

viated as M R 10" on the graphs; SEQ ID NO: 49) was included raa-.o.-R.-.M-ctn) -ooHHa, <sbq id hoi 17) 

as a positive control for uptake. roooDXA-.c-R.-.oe.cdxxf -cohh, (sag id boi 10) 

The mean fluorescence measured in Juikat ceils incubated 

for ten minutes with the indicated peptides (each with ftuo- 4J wbtowh*- act -*,-«•- yi 1 "!* - (sbq to no-, is- ) 

resoent cargo moieties) is shown in FIGS. 8, 9 and 10. COBHa 

As shown in FIG. 9, compounds 6-14 (SEQ ID NO: 7) and ededdAAeeeDUDDXA- «c«- R ia - «c e- (sbq id not 20) 

6-1 6 (SEQ ID NO: 8) showed greatly enhanced fluorescence, ctFij-coHH, 

indicating much greater uptake, of die cleaved form of the w Mm lm n ^ _ 

peptides (nan the intact peptides. Similarly, as shown in FIG. 30 cinox) -cgjjr, 
10, compounds 7-2 (SBQ ID NO: 11) and 7* (SEQ ID NO: 

13) also showed greatly enhanced fluorescence after c leava ge ogedgddeeeeeoddeed- ec ploiaq- «c (sbq id bo; 22) 

compared with the fluorescence of the uncieaved compounds. Re-AAA-R„-«c«-c(Fi) -con* 

TJna, these results demonstrate prevention of cellular uptake ^„ A ji»-*c«^-« a .c<«^c«m i (sbq id no. 22) 

of compounds having baste amino acids by linkage to an 35 

acidic portion. Additionally, these results demonstrate e©OTns*-«c«-RORa»HR-»e»-ciPi>- (sbq id bo< at) 

enhanced cellular uptake of fluorescent portions of these pep- com, 

tides (having bask amino acids) following cleavage of the . dd ddeeeeee*-ec.-?i^iov.<:..R l6 - (sao rn no 25) 

acidic portions. ace-ctPU-coNH, 

Such cellular uptake increases as incubation time w lm yr% m _ t 

rnr> 1 1 a _, eeeeee«e«eee«eee-ece-DDCDKA-«ce- (SSQ ID NO: 26) 

increases. FIG. 1 1 illustrates the mean fluorescence measured R . aca ,c(pi> -cohh 

in Jurkat cells incubated for ten minutes with the indicated 

peptides having fluorescent cargo moieties, basic and acidic «ee©»ecee<idddd- »ce- dodoxa- ac e - r 17 - <sbq id no : 2?) 

portions, and cteavabte linker portions. As showninFIG. 12, •c*-vt Mi x>-co»* 4 

the mean fluorescence measured in Jurkat celh incubated for 65 ^iddddoddd^ isbq id no, aa> 

one houi was increased compared to tho fluorescence mea- r^-wccdoxi -cohbv 

suredas8hownfnFIO.it. 



SORSA (S«Q ID HOi 13) 
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EXAMPI Ji 7 where the letter* in parentheses indicate that either one of 

(he indicated umino aekls may be at that position in the 
Examples ofMoIecules Suitable for Uie as Cargo Moici les sequence. A peptide linker cleavable by MM1M 1 may 

Examples of molecules suitable for attachment as cargo ^ P** »^« e 

moieties to a basic portion B of a MTS molecule having 5 

features of the invention an? illustrated in FIG. 14. The dif- rtniL wao „ _ _ 

ferent exemplary molecules shown in FIG. 14 are each ooaaklvroo <s*q id ko : joi 

labeled by an ideutifter^ ^ peplide cleavable by MMP-14 (MT)-MMP) 

ire shown having one bond that ends in a dot; the bond ending amy include the peptide sequence 

in a dot may be used to attach the cargo molecule to a basic 10 

portion B. A letter in brackets near the dotted bond indicates 

a suitable atom to which the caj^ molee^ inight biml; ftir sqrioplrta. <siq id bo« n) 

example,?*] indicates that the (^molecule may bind to a , , ^ 

nitrogen, such ai a nitrogen of a lysine epsifcn amino grotty A peptide linker dceY&b4e by urokinase piasmino^n acti- 
or a nitrogen of ad alpha amino group of i peptide backbone 15 vator (uPA) may include the peptide i — 
of the MTS moJecuk. An [S] indicates a linkage to a sulfur 
atom, such as a cysteine sulfur atom. 

Mare than one of these exemplary cargo molecules may be 
attached to a basic portion B, and basic portions B carrying A peptide linker cleavable by lysosomal enzymes may 
multiple cargo molecules may have more than one type of w include one of more of the peptide sequences 
cargo molecule attached. The cargo molecules may form part 
of more complex structures as well. For example, the dark 

circle in the cargo moiety labeled 0c) represents a particle oh*, (sbq id ho. m 

including a supcrpuiimflgnctjc iron oxkk core, jacketed by mm _ fM ^ 

crossiinked, aminated dextran (such particle* typically have a 25 ^£" 9K <fi8 ° XD M) 

radius of about 22 nanometers), Although only one pendant 

group is shown, such particles may have multiple pendant A peptide linker may be cleavable by a camepsin. For 
groups (typically about 4 to about 20). example, a linker cleavable by cathepsla B may include a KX 

or a RR sequence, or may include bom, where the cleavage 
EXAMPLE 8 would typically occur between the lysines or arginines. A 

peptide linker cleavable by cathepain Dmty include the pep- 
Bxamptes of Acidic Moieties Suitable for Inclusion in an tide sequence 
Acidic Portion A 

An acidic portion A may include acidic moieties such as 35 nT „_ >0 _ ___ ^ ^ 

those illustrated ia FIO. 1$. Such moieties may be linked to a raWw - C8 "° ro *°' M 

Unter X and an acidic portion A by i>ep*)e bonds, cUsulfide where C(Et) indicates S^ylcystelne (a cysteine with an 
bonds, or other bonds. A dashed 1 line 1 in the iDustntion radi- edjyl group attached to the utol)a^ 

cates a possible attachment point Ia this and subsequent typical cleavage site in this and subseouent sequences. A 

figures, a moiety m brackets indicates a motif that may be 40 peptide linker cleavable by cathepsin K may include the 
repeated, with a letter (e.g., "x") indicating the number of peptjoe sequence 

times that the motif may be repeated (which may take on a 
number of possible values, typically between about 1 and 

about 100, preferably between about 1 and about 20). It will cxvrcilpo. ishq id wo. 36} 

be understood that such acidic moieties may be attached to an 45 

acidic portion A in any suitable manner. In embodiments, an A peptide linker cleavable by prostate-specific antigen may 
acidic portion A of a MTS molecule having features of the include the peptide sequence 
invention may be partry comprised of, or mainly comprised 
of, or essentially completely comprised of acidic moieties 

such as those illustrated in FIO. 15. 50 ' <8 *> 10 » 0: 17) 

do A peptide linker cleavable by Herpes simplex virus pro- 

KXAMPLB9 tease may include the peptide sequence 

Examples of Linker Moieties 

Linkers su itable for use in a MTS molecule having features « lvla-ssstoy. isbq id so* as) 

of the inventionmay bepepb^ o^ cleavable A dde lbker 4^,, b mv prote ase may include 

by enzymes under physiological conditions. For example,. the^i^de secw^ce p y 

linkers may be cleavable by such enzymes as metal fopro- w sequence 

teases. Linkers cleavable by MMP-2 have been discussed 

supra. Jn addition, for example, linkers cleavable by other 60 cvsqhy-pivo iseq id no- 29) 

metalloproteases, such as MMP-9, MMP-1 1, and MMP-14 

are also suitable. For example, peptide linker cleavable by A peptide linker cleavable by Cytomegalovirus protease 
MMP-9 may include the peptide sequence may include the peptide sequence 

55 

P»(8/T» (L/I> (S/T> {ESQ ID BDr 2fi 0WC*-6CAlJt (6*0 ID VO> 40$ 
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A peptide linker cleuvable by Thrombin may include the 
peptide sequence 



t |Pip)R-fl 



(SEO ZD MOi 41) 



where M P' indicutes D-phenylulacine and M Pip" indicates 
pipcridinc-2-carboxyIic acid (pipccoltnic acid, a proline ana- 
Jug having a six-membcred ring). 

A peptide linker cleavabJc by Caspase-3 may include the 
peptide sequence 



(SSQ 10 BOi S3) 

Id addition, linken suitable for use in a MTS molecule 
having features of die invention may be cleavable by agents 
other than proteases under physiological conditions. Linkers 
may also be non-peptide molecules* Some examples ofenzy- 
maticafly and non-en^ymatkalry cleavable moieties suitable 
as linken are illustrated in FIG. 16. Examples of different 
cleavable linkers are shown along with an indication of con- 
ditions which lead to cleavage. For example, cleavage of the 
linker labeled (a) may be accomplished by beta-Uctamaae. 
Cleavage of the linker labeled (b) may be accomplished by 
exposure to ligjit, such as to a single photon of violet h ght or 
to two photons of infrared tight Cleevraoffc tinker labeled 
(c) may occur under reducing conditions. Cleavage of the 
linkers labeled (d) and (e) may occur in acidic conditions. 
Action of an esterase may cleave the linker labeled (fX and a 
phosphatase may cleave the linker labeled (g). 

EXAMPLE 10 

Examples of Basic Moieties Suitable for Inclusion in a 
Baste Portion B 

A basic portion B may include basic moieties such as those 
illustrated in FIG. 17. Such moieties B may be linked to a 
linker X, cargo C, or to another part of a basic portion B by 
peptide bonds, disulfide bonds, or other bonds. A dot indi- 
cates a possible attachment point, while a letter enclosed by 
brackets indicates a possible atom to which such an attach- 
meat may be made (e.g., [S] indicates that s bond, such as a 
diusulfide bond, may be made to a sulfur atom; a [NJ indicates 
a bond to a nitrogen may be made). It will be understood that 
such basic moieties may be attached to a basic portion B or 
other portions of a MTS molecule in any suitable manner. For 
example, the "X w shown in compound (c) ofPIG. 17 indicates 
attachment of a linker X to die side-chain of a D-Jysine 



10 



(SfO ID «0i 42) 

A peptide linker cleavable by Interieuldn 10 converting 
enzyme may include the peptide sequence 



2$ 



30 



3* 



40 



45 



50 



residue. The amino acid portion o) compound (c) of FIG. 17 
is SKQ ID NO: 44; the amino acid portion of compound (d) of 
PIG. 17 is SHQ ID NO: 45; the amino acid portion of com- 
pound (e) of FIG. 17 is SEQ ID NO: 46; und die umino acid 
portion of compound (0 of FIG. 17 is SEQ ID NO: 47. In 
embodiments, a basic portion B of a MTS molecule having 
features of the invention may be partly comprised of, or 
mainly comprised of, or essentially completely comprised of 
basic moieties such as those illustrated in FIG. 17. 

It will be understood that some combinations, of A and B 
may be more suitable than others. For example, it is preferred 
that the same backbone structure be present in both portions 
A and B in a MTS molecule having features of the invention, 
so that, for example, both A and B are peptides, or both A and 
B are peptoids, or both A and B are carbamates. It is also 
preferred that the absolute value of the net charge of one 
portion be similar, or die same as, the absolute value of the net 
charge of the other portion so that, for example! A has 
approximately the same number of negative charges as B has 
positive charges. 

EXAMPLE II 

Examples of Polymeric Acidic Portions 

In snorheremboolment, an acidic portion A may include or 
be part of a polymer. In preferred embodiments, the polymer 
has an average molecular weight of about 50 kDa or above. 
Such high molecular weights reduce irnmunogeniciry and 
improve pharmacodynamics by slowing excretion and 
lengthening the residence time in the bloodstream. Further- 
more, polymers of such size benefit from "enhanced perme- 
ability and retention" (BPR) in tumors, whose capillaries are 
much leakier than normal tissue and whose lymphatic drain- 
age is often impaired. These properties cause polymers to 
have higher ratios of concentrations in tumor vs. normal 
tissue tan those of kw-rnolecuter-weight drugs. For recent 
discussions of the benefits of polymeric carriers, see Kopecek 
et al (2001) J. Controlled Release 74: 147-158; Luo & 
Prestwich (2002) Current Cancer Drug Targets 2: 209-226; 
Maeda et al (2003) International Immunophamacology 3: 
319-328; and Ibrchilin & Lukyanov (2003) Drug Discovery 
Tbday 8: 259-266 . This BPR effect leading to enhancement of 
concentration in tumor tissue compared to normal tissue 
should further reinforce the tumor selectivity resulting from 
preferential cleavage of the linker X of MTS molecules hav- 
ing features of the invention by enzymes ox under conditions 
found near tumors. Cleavage of X is effective to release basic 
portion B and cargo C attached to B from a polymeric acidic 
portion A, allowing the uptake of B and C into cells. In 
preferred embodiments, the polymer carries a sufficient num- 
ber of negative charges to veto uptake of B and C while linker 
X is still intact Examples of such polymers are shown in FIG. 
18. The amino acid portion of compound (c) of FIG. 18 is 
SEQ ID NO: 48, 



SEQUENT! LI ST I BO 



<160> HOMBBR OS SEQ ID BOS: 49 

<210> SEQ ID HO 1 
<211> LENGTH: S 
<21S> TYPB; PRT 

<213> OROAIISM* Artificial Sequence 

<220> FEATURE » 

<"J> Oman 3NFOWwnowi vynthetlo polypeptide- 
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<4 00> SBOUENCS: 1 

Pro L«u Qly Leu Alt Gly 

1 S 



<aiO> SSQ ID HO 2 
<211> LENGTH* 7 

<aia> typvi prt 

«213» ORGANISM. Artificial £«qu«nc* 

<aao> perturb i 

«233> OTHER WfOmnoti eynthetic polypoid* 

<«oa> MQOncBt a 

Olu Amp Asp Asp Amp by* AU 

1 5 



<210> ID HO 3 
<3U> LENGTH. 18 
<2U> TVPBt PRT 

<2i3> organism, Artif ieial sequence 

<330> rgATPR ti 

<333> OTHER WPORMATIOHi synthetic polypeptide 

<320> FBATGRBr 

<3ai> HAHE/KBYi TO8 ORB 

<aaa> location: a, it 

*aaa> other ispaw*Tioa. t»inoc«pr*io acid linker 

<400* CTqOBB C t i 2 

OluAepAepAepAepLyeAlaXaeArgAigl^ArgArgArgArgArg 
IS 10 IS 

Arg xae 



<310> SEQ ZD RO 4 
<311> LENGTH* • 
<312> TYPEi PRT 

<au> ORGANISM i Artificial Sequence 
<aao> feature i 

<323> OTHER ihpwjwigNi rymnetlo polypeptide 

<40O> SEQUENCE i 4 

Arg Arg Arg Arg Axg Arg Arg Arg 
i S 



O10> ESQ ID HO S 
<311> LENGTH i 32 
«3ia> TYPE: PRT 

<313> ORGANISM. Artillciel Sequence 
<320> FEATURE: 

<223> OTHER INFORMATION: eyntnetic polypeptide 

<220> FEATURE; 

<aai> NAME/KEY: UNSURE 

<222> LOCATION : 1, 12 

<223> OTHER INFORMATION i aninocaprolc eold linker 
<400> SEQUENCE r S 

X*« eye Arg Arg Arg Arg Arg Arg Arg Arg Arg Xee Olu Glu Olu Olu 

IS 10 IS 

Olu Olu Glu Olu Olu Cye 
20 



<210> SEQ ID NO 6 
<21i> LENGTH; 17 
<212> TYPE: PRT 

<213> ORGAN! Slli Artificial itoquenca 
<220> FEATURE j 

<223> OTHER INFORMATION t vyntbatic polypeptide 
«220> FEATURE i 
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<221> NAME/KEY: UNSURE 
<23J> LOCATION i 1, 1 

<223> OTHER INFORMATION : *n»inoc«proic acid linker 
<4O0> SEQUENCE: 6 

Xea cyo Olu Glu Qlu alu Xe« Ax9 Arg Arg Arg Atg Arg Arg Arg Arg 
AS 10 is 

Cy. 



<2iO 910 10 HO ? 
<2il> UBRTTHt a) 
<3U> TTOi PUT 

<au> OXOAinSK, Artificial sequence 
<aa0> FtATURBi 

«233» OTHER IHPOWiATICJT eynthttic polypeptide 

O30> FEATURE i 

<221> HAKE/KEY, CBS TO I 

033> LOCATJOHt 12, 22 

<222> OTHER WPCRKATlOHi cninoeaproic acid linker 
<4C0> EIQCEBCVt 7 

Olu Qlu alu Qlu alu Aep Aep Aep Amp byi AU See Arg Arg Arg Arg 

1 » 10 IS 

Arg Arg Arg Arg Atg Xu Cye 

20 



<310> EXQ ID 80 a 
<9U> LEHOTKi 19 
<312> TTPli WIT 

<2U» OROASIS*. Artificial Sequence 

<320i FEATURE: 

<223> OTHER IHFORMATIOHt synthetic polypeptide 
<230> ABATORS i 

<aai> ramb/kbtj ohsore 
<aaa> locati on 9, u 

<223> OTHER UVOUMAT1QR : eataoceprola «eld linker 

<tco> eiguBKci: e 

Olu Aep Aep Aep Aip Lye Ale Xu Arg Arg Arg Arg Arg Arg Arg Arg 

15 10 15 

Arg Xte eye 



<210> SBQ ID 80 9 
<21l> UHOTHi 22 
<212> TTPIi PRT 

<ail> OROAZTZSHi Artificial Sequence 
<aao> FEATURE j 

<233> OTHER IOTORHATIOWj eynthetle polypeptide 

<aao> FEATURE i 

<221> HAHE/KETi UNSURE 

<aaa> locatighi 21 

<323> OTHER XHFORHAT20H ; aainocaproic acid linker 
«00> SEQUENCE 1 9 

Olu Olu Olu Olu Olu Asp Aep Asp Aep Lye Ale Arg Arg Arg Arg Arg 

1 S 10 15 

Arg Arg Arg Arg Xao Cye 
20 



«210> SEQ XO NO 10 
<211> LENGTH: 20 
<ai2> TYPE; PRT 

<313> ORGANISM. Artificial Sequence 
<22C> 7GATURB: 

*233> other information, synthetic polypeptide 

<220> FEATURE i 

<aai> NAME/KB* > UXSURBl 
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<222> LOCATION* 9, 19 

<22J> OTHER INFORMATION : aminocuproic acid linkar 
<4 00> SEQUENCE. 10 

Clu alu hep Asp Atp Asp Lya Alt X*4 Arg Arg Arg Arg Arg Arg Arg 

I S 10 15 

Arg Arg Xu Cyi 

20 



«iio* no ID 90 11 

«311> LUWTHr 19 

<aia> mil PRT 

<iu> omiAKiw- Artificial ftaquanoa 
<tao> mraut 

<223* OTHER ISPORMATJCM. eynthetio polypeptide 

«330> PEATURBi 

«22J> RAW /KIT i UBSORE 

<233> LOCATXOWi 19 

<123> OTHER IKTORWnoH. aaloceproio aold linker 

c<oo> siamcs* u 

A*p Aep Aep Aep A*p A*p Lye Ala Arg Arg Arg Arg Arg Arg Arg Arg 

16 10 IS 

Arg mi eye 



<210» HQ ID TO 12 
<211> LWJTHt 2) 
<212» T?Fli PUT 

<211> OAOAH1EH, Artificial Sequence 
<320> PVATtJRRi 

<222> ODOR 3SPOR»T3C»: eynthetlc polypeptide 

<230> FIATURIi 

<221> KAMI /KEY t 0SSORS 

<222> LOCATION i 10, 12, i«, 19, 22 

<223> OTHER XMPQRMRTXaff i a»lnoc«proic «cld linker 

<40O> 12 

olu alu A*p Aep Aep Aep Lyv Ala Arg la* Arg Arg Xaa Arg Arg lea 

1 8 10 IS 

Arg Arg xea Arg Arg Xaa Cya 

20 



<210> SEQ 3D HO 13 
<211> LENGTH i 24 

<ai2> mil wt 

<an> ORGANISM r Artificial Sequence 

<2J0> FEATURE: 

<323> OTHER INFORMATION i aynthetic polypeptide 

<220> PIATCRI: 

<2U> KAMI /KEY : UMSORX 

<222> LOCATION; 7, 23 

<223> OTHER INFORMATION: eiainocapzolc acid linker 
<400> SEQUENCE i 13 

alu alu alu Olu Olu Olu Xee Pro Leu aly Leu Ale Oly Arg Arg Arg 
16 10 15 

Arg Arg Arg Arg Arg Arg Xee cyo 
20 



<210> SEQ 3D HO 14 
<2U> LENGTH i 17 
<212> TYPE i PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE, 

*223> OTHER INFORMATION: synthetic polypeptide 



<t00> SEQUENCE; la 
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Glu Glu Glu 01 u Olu Clu Cye Arg Arg Arg Arg Arg Airg Arg Arg Arg 
Cyo 



<310> SEQ ID HO IS 
«2ll> LENGTH; 7 
<212» TYPE. PRT 

«213> organism i Artificial Sequanca 
<220> MAYORS. 

<223» OTHER INFORMATION i •ynthatlo polypeptide 

<«oo> sequence > is 

Olu Olu glu Glu Olu Olu Cya 
I s 



<210> 8BQ ID 80 16 
<211> LENGTH* 10 
<212> TYPBi PRT 

<213» ORGANISM, Artificial Sequence 
<320> PEATURB: 

<223> OTHER IBPORHATIGNt eynthetic polypeptide 
<«00> EEQUBNCEi 16 

Arg Arg Arg Arg Arg Arg Arg Arg Arg Cye 

is 10 



«110> SCO SD NO 17 
OU> LENGTH i U 
<312> TTPli PRT 

<213> GRGANXSHi Artificial SKjutnct 
<220> FEATURE i 

<233> OTHER INFORMATION i synthetic polyp «pt id • 

<220> FEATURE t 

<221> NAME/ KEY i UNSURE 
<311> LOCATION i « r 10 

<221* OTHER INFORMATION t ealnoeeproio acid linker 
<(00» SEQUENCE! 17 

Olu Aap Ala Xaa Arg Arg Arg Arg Arg Xaa Cya 

15 10 



<210> SSQ ID MO IB 
«311> LENGTH i 16 
<212> TYPE i PRT 

<313> ORGANISM: Artificial Sequence 
<220> FEATURE! 

<223> OTHER INFORMATION t eynthetic polypeptide 

<230> FEATURE i 

<221> NAME/KEY i UNSURE 

<2J2> LOCATION* G, 16 

<223» OTHER INFORMATION j aialnocaproic acid linker 
<400> SEQUENCE i 18 

Olu Aap Asp Aap Aap Lys Ala Xaa Arg Arg Arg Arg Arg Arg Xaa Cya 

15 10 15 



<210> SKO ZD NO 19 
<m> LENGTH i 23 
<212> TYPE: PRT 

<213» ORGANISM. Artificial Sequence 
«220> FEATURE: 

<223> OTHER 2 HPORMAT I ON : synthetic polypaptida 

<220> FEATURE t 

<22X> NAME/KEY i UHSURB 

<222> LOCATION! 13. 23 

<323> OTHER INFORMATION! aninftcaproic acid linker 



<400> SEQUENCE* 1* 
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Glu Glu Glu Aop hap hap Olu Glu Olu Aop Ala Kat Arg Arg Arg Arg 

Arg Arg Arg Arg Arg Xaa Tyr 
20 



<310> EEC; ID NO 20 
<211> LENGTH; 30 
<213> TYPEi PHT 

<213> ORGANISM. Artif ieiel Ssquencs 
<230> FEATURE t 

<322> OTHER. WPOR*»TIQHi synthetic polypoid* 
<320> FEATURE i 

<33i> nm/nvi omuu 
oaa» locatichj it, 39 

<333» OTTO* IXPORKATIGU. aminocaproio Mid linker 
<40O> SSQOBTCB. 20 

Olu Asp Old Asp Asp AU ALs Glu Olu Olu Asp Asp Asp Asp lye Ala 

16 10 IB 

Xe* Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Xaa Cys 
30 25 30 



<310> ESQ ID UO 31 
«311» UBIOTKt 33 
<212> TTPCr PUT 

<312> OROAmSMt Art 1 tie 1*1 fioquanca 
<220» PlATTOKt 

4333> OTHER JBFORMRT3CN t synthetic polypeptide 
«330> PlATUREi 

<33i> mNg/KRt ujwurs 

<333> LOCATION: 16, 32 

<333> OTHER ntPORlWTION* aminooeproic acid 11 nicer 
<400> EJQUEHCE, 31 

Olu Asp As} Olu Asp Olu Asp Olu Asp Asp Asp Arp Asp Lyt Ala Xs« 

15 10 15 

Arg Arg Arg Arg Arg Arg AU Oly Ale Arg Arg Arg Arg Arg Arg xaa 

20 35 30 

Cys 



«210» GKQ ID KO 22 
<2ll> LEBOTHi 51 
<31J> TTPEi PR1 

<313> OROAiriSHt Artificial Saquenc* 
<220> FEATURE: 

<333> OTHER XNFQRMATZOfl: synthstie polypeptide 

<320> FEATURE} 

<32l> HAKE/XBYj UNSURE 

<323> LOCATIOH: 10, 34, SO 

<333> OTHER IHPORMAT10H . eminocaproio AC Id linXex 
<400> SEQUENCE: 22 

Oly Oly Qlu Asp Oly Asp Asp Olu Olu Olu Olu Glu Olu Asp Asp Olu 

15 10 15 

Olu Asp Xee Pro Leii Oly Lsu Ale Oly Xaa Arg Arg Arg Arg Arg Arg 

20 25 30 

Arg Arg Alt Ala Ala Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg 
35 40 45 

Arg Xaa Cys 
SO 



O10> SEQ ID HO 21 
<2U> LENGTH: 20 
<313> mil PR* 
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-continued 






<213> Oft QAM ISM; Artificial Sequence 
<22Q* FEATURE ; 

<333> OTHBR INFORMATION: irynthetic polypeptide 

<220» FEATURE : 

<22l> MANS /KEY i UNSURE 

<222> WCATION: 11, 19 

<223> OTHER INFORMATION: aroirtocaproie acid linker 






<40O> SEQUENCE; 23 






Qlu Olu Aap Aap olu olu Aep Aap Lye Ala Xaa Arg Arg Arg Arj Arg 
16 10 IS 






Arg Arg Xaa Cya 

20 






<210> 6TQ ID NO 34 
<3U> LXNGTHi 17 
<313> TTPSi PRT 

<3U> ORGANISM 1 Artificial Sequence 
<330> FEATURE i 

<23)> OTHER INFORMATION: synthetic polypeptide 

<320> FEATURE i 

«12l> NAME/KEY: UNSURE 

<222> LOCATION i 1, 1« 

<*«> OTHBR INFORMATION » aailftocaproic a old linker 






«400> SEQUENCE t 34 






Olu Aap Aap Aap Aap Lya Ala Xaa Arg Oly Arg Oly Arg Arg Arg Xaa 

IB 10 IS 






eye 






<310> 88Q 10 90 35 
<211> LENGTH, 34 
<212> TTPBi PRT 

<313> ORGANISM* Artifloial fiaquenea 
<220> FEATURE t 

<333> OTHER UTFORMATlOWi synthetic polypeptide 

<320> FEATURE i 

<221> KAMt/fCBTi UNSURF. 

<332> LOCATION, 13, 33, 33 

<333» OTHER INFORMATION i aisinocaprolc acid linker 






<400> 8EQ0BRCI; 3S 






Olu Aap Aap Aap Aap Glu Glu Olu Glu Olu Olu Olu Xaa Fro Leu Oly 

15 10 15 






Leu Ala Oly Lye Ala Xaa Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg 

20 2$ 30 






Xaa Cya 






<210> SEQ ID NO 3f 
<211> LENGTH* 46 
<312> TYPE: PRT 

<213> ORGANISM' Artificial Sequence 
<330> FEATURE t 

<223> OTHER INFORMATION: ay nt ha tic polypeptide 

<330> FEATURE t 

<321> NAME/KEY. UNSURE 

<332> LOCATION. 17, 34, 45 

«223> OTHER INFORMATION: aminocaprolc add linker 






<«00> SEQUENCE ; 26 






OlU Glu GlU Glu Glu Olu GlU Olu Glu Glu Glu GlU GlU GlU GlU Glu 
IS 10 15 






Xae Asp Alp Aap Aop Lye Ala Xaa Arg Arg Arg Arg Arg Arg Arg Arg 

20 29 30 






Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg Xaa Cyt 
35 40 45 
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<210> SBQ ID NO 2? 
<211> LENGTH. 41 
<211* TYPE: PRT 

<212> ORGANISM: Artificial Sequence 
<220> PBATURB i 

<33J> OTHER INFORMATION-, eynthetic polypeptide 

<220> FEATURE) 

<331> NAME/KEY i OttSURB 

<222> LOCATION: 18, 22, 40 

<22J> other INFORMATION, aalnocaprolo acid linker 
«400> SXgOaVCBt 37 

Olu CQo Olu 0*u Olu Qlu Olu Olu Ola Asp Asp Aap Aap top Xaa Aap 
* * 10 15 

Atp Ajp Aip Lye Ala xia Arg Arg Arg Arg Arg Arg Arg Arg Arg Arg 

20 25 30 

Arg Arg Arg Arg Arg Arg Arg Xaa Tyr 
36 40 



<210> 6XO 10 *0 26 
«21X> WI9TKf 40 
<212> TTPli PRT 

<2U> ORGANISM, Artificial flaqutnca 
<220> rSATQUi 

«223> OTHER INFORMATION* eynthetic polypeptide 

<220> FEATURBt 

<22i> KAMB/XBTf OKIAl 

<322> LOCATION i IT, 24, 3t 

<223> OTHER IHPORKATIOHi anlnocapxole sold linfcax 
<400» tXQOTSCBi 20 

Aap Aip Aap Aap Aap Aap Aap Aap Aap Aap Aap Aap Aap Aap Asp Asp 

IS 10 IB 

Xaa Pre Lau Gly Lau AU Gly Xaa Arg Arg Arg Arg Arg Arg Arg Arg 
20 25 30 

Arg Arg Arg Arg Arg Arg Xaa Cye 

3S 40 



<310> SHO ID. NO 20 
<211> LENGTH* 5 
<212> TYPE* PRT 

<213> ORGANISM; Artificial Sequence 
<220» FEATURE > 

<223> OTHER INFORMATION i eynthatio polypeptide 

<220> FEATURE: 

<22i> HAMB/XBYi UNSURE 

<222> LOCATION 1 3, 5 

<22)> OTHER INFORMATION! S or T 

<220> PEAT ORE: 

<221> NAME/KEY t UHSCRR 

<222> LOCATION ; 4 

<22J> OTHER INFORMATION* h or I 

<400> SEQUENCE. 29 

Pro Arg Xaa Xaa Xaa 

1 S 



<210> SEC 10 HO 30 

<211> LENGTH: 10 

<212> TYPE : PRT 

<2ll> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION^ synthetic polypeptide 

<400> SEQUENCE r 3 0 



Oly Oly Ala Ala A*n Leu Val Arg, Gly Gly 
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IS 10 






<210> STQ ID NO 31 
<3U> LENQTHr 10 
j *212> TYPE j PRT 

<J13> ORGANISM: Artificial Sequence 
<230> FEATURE i 

<233> OTHm INFORMATION; synthetic polypeptide 






<400> SIOOKHCSi 31 






6cr Oly Arg XI. fliy ph# Ltu Arg Thx Ale 
11 10 






| <210> 8KQ ID RO 32 
<3il> LENGTH i S 
<212> TYPRi PRT 

<213> ORGANISM. Artificial Sequence 
«220> FEATURE j 

<223> OTHER INFORMATION j synthetic polypeptide 






<4GO> SEQUENCE t 32 






St Oly Arg Ear AU 
1 S 






<210> «1Q ID HO 33 
<3U» LENGTH t « 
<212> TYPBi PUT 

<213> OROANIEM. Artificial Sequence 
<220> FEATURE t 

<233> OTHER INFORMATION} synthetic polypeptide 






<40O> SEQUENCEi 33 






Oly Pne Leu oly 
1 






<210> SEQ ZD HO 34 
<311> LEHOTHi 4 
<212» TTPSi PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATUREi 

<323> OTHER INFORMATION, synthetic polypeptide 






c400> SEQUENCE. 34 






j Ala Leu AU Lea 
1 






O10> SEQ ZD HO 35 
<21i> LENGTH i 6 
<212> TYPE i PRT 

<213> ORGAN! SMi Artificial Sequence 
<220> P BATOR S> 

<223> OTHER INFORMATION; synthetic polypeptide 

<220> FEATURE. 

«22l> HAMB/KEYi UNSURE 

<222> LCCATIQNi 3 

<223> OTHER INFORMATION; S-flthyloy«taina 






<400> SEQUENCEi 35 






Fro Il« X*« Phe Phe 

1 5 






. <210> SBQ ID NO 36 
! <211> LENGTH: B 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<22Q> FEATURE* 

<223> OTHER INFORMATIONi synthetic polypeptide 
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. <4Q0> SEQUENCE: 3 6 






Cly Qly Pro Arc, CUy Leu Pro Gly 
1 5 






<21D> SCO ID NO 3 7 
■*. <21i> LENGTH i 4 
<313> TYPE: PUT 

<213> ORGANISM i Artificial Sequence 
«32o» pkaturbt 

<a23> OTHER INFORMATION: synthetic polypeptide 






«40o» gtgotsrit i? 






Hi* tax tar Lye Leu oln 

1 S 






U10> SEO ID SO 38 
<211> LENGTH i 10 
<212» TYPEi PRT 

<ai3> OAOABISKi Artificial Sequence 
<320> PEATORti 

<aaa> OTHER IHTORNATION i synthetic polypeptide 






<4oo> sequsmce, a* 






Uu Ve* Leu Ala Sax Sar Sax Phe cay Tyr 
15 10 






<210> SBQ ID SO 39 
<211> LEMGTHt 10 

<sia> ttpii put 

<312> ORGANISM, Artificial Sequence 
<220> PEATQRSt 

<223> OTHER IHFORWATION > synthetic polypeptide 






<4O0> SEQUENCE! 39 






Oly Val Sar Ola Acn Tyr Pro Ha Val Qly 
19 10 






<ai0> 6EQ ID NO 40 
<211> LENGTH i 10 

<aia> TYPS> prt 

<313> OROANISHi Artificial Sequence 
<220>. PRATUREi 

«223> OTHER INFORMATION, synthetic polypaptida 






<400> SEQUENCE t 40 






Oly Val Val Oln Ala Ser Cya Arg Leu Ale 
1 5 10 






<210» SEO ID K0 41 
<311> LENGTH > 4 
<212> TTPBi PRT 

<213> ORGANISM* Artificial Sequence 
<220> FEATURE) 

<223> OTHER INFORMATION . synthetic polypeptide 

<220> FEATURE i 

<221> SAME/KEY i OKB URB 

<222> LOCATION: 2 

<221> OTHER INFORMATION 1 piparidine-2-carboxylic acid 






<400> SEQUENCE: 41 






Phe Xae Axg Ser 
I 






«210> SEQ ID NO 42 
<211» LENGTH 1 4 
<2X2> TYPE. PHI 

«213> ORGANISM t Artificial Sequencer 
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<220> FEATURE: 

<22J> OTHER, INFORMATION , synthetic polyp.pc ld« 

<4 00> SEQUENCE: 42 

A Bp Olu Vtl Aop 
I 



<2lO> SEQ ID NO 43 
OH> LENGTH t 4 
<212> TTPBi PUT 

<JU> OSOASXSMt ArtlClcUl Sequence 
«220> FEATURE i 

«32J> OTHER XSFOJUIATJOBt tymnet ic polypeptide 

<4QO> CEOOERCE, 49 

Oly Tip Olu Hi* Afp Oly 
1 9 



<210> SEQ ID SO 44 
«U&» UWlHi 9 
<212> TYPIr PRT 

<3U> OROA9XSH: Artificial 8«quwc« 
<320> FEATURE- 

<22l> OTHER ISFORSATXOffi eynthetlc polypeptide 

<4oo> nomeit «4 

Lye Arg Are; Arg Arg Arg Arg Arg Arg 
i s 



<2i0> BSQ ZO SO 45 
<2U» LEKOTHi 12 
<212» TYPSi PRT 

<2U» ORGANISM: Artificial Sequence 
<220> PEATURBi 

<221» OTHER ISPORKATIOSt eynthetlc polypeptide 
<4Q0> SBQOBHCSt 45 

Oly Arg Lye Lye Arg Arg a in Arg Arg Arg Oly Tyr 

IS 10 



<2i0> SEQ IP SO 46 

<211> LBSOTH: 11 

<2L2> TYPE: PRT 

<212> OROANISMt Artificial Sequence 

<220> FEATURE) 

<222> OTHER XNFORrtmoSf eynthetlc polypeptide 

<400> SEQUENCE: 46 

lie Arg Arg Arg Lye Lye Leu Arg Arg Leu Lye 

15 10 



<210> SEQ ID NO 4? 
<211> LEKOTHi 9 
«212> TTPIj PRT 

<213> OROAHISMi Artificial' Sequence 
<l2Q> FEATURE) 

<222> OTHER CTPORMATTOSt eynthetlc polypeptide 

<400> SEQUENCE > 4? 

Arg Arg Arg Arg Arg Arg Arg Arg Arg 
1 5 



<210> SEQ ID NO 4 8 

<ill> LKKGTH: 7 

<212> TTPB: FAT 

<213> ORGANISM: Artificial Sequence 

«220> FEATURE > 
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<2*3> OTHER IMPORTATION: eynthdtlc polypeptide 

<4,00> SEQUENCE; 4S 

Glu Olu OlU Glu Olu Glu Glu 
1 S 



«aiO» SGQ ID NO 49 
<3U> LBIOTHt ia 
<212> TYPii PRT 

<3U> OfiOAmSN* Artificial S«qu«w« 
<320> FEATURSi 

OTO» XBTOKMATZCati eyutfeetle polypoid* 

<4©*> aagogvoir 40 

Oly Oly Axg Arg Arg Arg Arg Arg Arg Arg Arg Arg 
15 10 



20 

Wo claim: 12. The molecule of claim 1 1, wherein said peptide portion 

1. A molecule of the structure A-X-B, wherein A comprises amino acids selected from the group of acidic 
B is a peptide portion of about S to about 20 basic amino ***** consisting of glutamate and aspartate. 

acid residues, which is suitable ibr cellular uptake, 13 . The molecule of claim 11, wherein said peptide portion 

A is a peptide portion of about 2 to about 20 acidic amino B comprises amino acids selected from the group of basic 

add residues, which when linked with portion B is amino acids consisting of arguun* and ustidme, 

effective to Inhibit cellular uptake of portion B, said M» Thembtoculeof claim 11, wherein said cargoportionC 

X is a Unto of about 2 to about 100 atoms joining A with » nlwsM *™ moieties consisting of a 

B,win^ can be cleaved underphysfelom^ 30 ggwsc^moi^ 

whereinX comprises the se^jcuceofSBOIDNO: 1. active watety, a rao^opaque moiety, a paramaR^c-motefr, a 

2. Themolecule of claim 1, wherein said peptide portionA S^^^i!;! ^T^^L^Z^ 
comprises about 5 to about 9 glutamates or aspartates. Sa^duSon sa^toa w**w™rap*™ B8 * ^,, 

comprises abo^^ a ^ aa ^ B ^ tM ^ i ^ ,w 

4 TMiwAWtii^rtf^lmi M w — «t4A» » 16. The molecule of claim 14, wherein the cargo portion C 

4. The molecute of cfcdm 1. wherein said peptide portion B ^^es a radiation sensitizer for radiation therapy. 

con^nsc* about 9 to afcmt 16 argxnJnes> 17. The molecule of claim U, wherein sakipeptuieportion 
5 ^ m0 i^l f ^^^^^*^ nB 40 A comprises about 5 to about 9 glutamates 

comprises about 9 to about l^ntecutrveargmines. l«, The molecule of claim 17, wherein sakl peptide portion 

6. Themolecule of claim 1, wherein said peptide portionA A comprises about 5 to about 9 consecutive glutamates or 
comprises D-anuno acids, aspartates, 

7. ^raoleculeof claim I, wherein said peptide portion B 19. The molecule of claim 11, wherein said portion peptide 
comprises D-amino acids. 43 3 comprises between about 9 to about 16 argiaines. 

* The molecule of claim 1, wherein said peptide portionA 2p. The molecule of claim 19, wlwrein said peptide portion 

consists of D-amino acids. B comprises between about 9 to about 16 consecutive argin- 

' 9.TT»moleciikofclaiml,^ foes. 

consists of D-amino acids. 21. The molecule of claim 1 1, wherein said peptide portion 

10. The molecule of claim 1, wheiein said peptide portions 50 A comprises D-amino acids. 
AandBconsistBofD-eniinoadds. 21 Tnenmlecuto of claims 

11 . A molecule for transporting a cargo moiety across a cell B comprises D-amino acids. 

membrane of the structure A-X-B-C, wherein 23. The molecule of claim Jl, wherein said peptide portion 

C is a portion comprising a cargo moiety, J5 A consists of D-amino adds, 

B is a peptide portion of about 5 to abou! 20 basic amino 24. Themolecule of claim 11, wherein said peptide portion 

acid residues, which is suitable tor cellular uptake, is B consists of D-amino adds. 

covalently linked to portion C, and is effective to 25. The molecule of claim 11, wherein said peptide par- 

enhance transport of cargo portion C across a ceil mem- tions A and B consist of D-amino acids. 

hrane, ^ 26. Themolecule of claim 25, wherein said peptide portion 

A is a peptide portion of about 2 to about 20 acidic amino B consists of D-argi nine amino acids, 

acid residues, which when linked with portion B is effec- 27. Themolecule of claim 11, wherein said peptide portion 

tive to inhibit cellular uptake of 8-C, and A is located at a terminus of a polypeptide chain comprising 

XisadeavableJintoofabout2toabout 100 atoms joining B-C. 

A whh B-C, which can be cleaved under physiological 65 2e\ The molecule of claim 1 1, wherein said peptide portion 

conditions, whereio X comprises the sequence of SED A is located at the amino terminus of a polypeptide chain 

IDc f. . comprising B-C: 
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2V The molecule ol claim 1 1 , wherein Siiid peptkW portion 
A is linked near to or ul the amino terminus of u polypeptide 
cham comprising U-C 

30. lite molecule of claim 1 1 , wherein su id peptide portion 
A is United near toor at the curboxy termiaus of a polypeptide 
chain comprising B-C. 

31. The molecule of claim 11, wherein B-C comprises a 
polypeptide chain having ends consisting of a B-side termi- 
nus and a C-side terminus, and wherein cieavable linker X is 
disposed near or at said B-side terminus. 

32. The molecule of claim ll t wherein B-C comprises a 
polypeptide chain having ends consisting of a B-side termi- 
nus and a C-side terminus, and wherein cieavable linker X is 
disposed near or at said C-tide terminus. 

33. The molecule of claim 11, wherein cieavable linker X 
comprises aminocaproic acid. 

34. The molecule of claim 11* comprising a plurality of 
cieavable linkers X linking a portion A to a structure B-C 

35. A pharmaceutical composition comprising: 
A molecule of the structure A-X-B, wherein 

Bis a peptide portion of about 3 to about 20 basic amino 
acid residues, which is suitable for cellular uptake. 



10 



15 



48 



A is a peptide portion of ubout 2 to about 20 acidic umino 
ucid residues, which when linked with portion W is 
effective to inhibit cellular uptake of portion B, and 

X is a cieavable linker of about 3 to about 30 atoms joining 
A with B, which can be cleaved under physiological 
conditions, wherein X comprises the sequence of SEQ 
ID No: I ; and 

a pharmaceutical^ acceptable carrier. 

36. The pharmaceutical composition of claim 35, wherein 
Mid portion Abas between about 5 to about 9 acidic amino 

acid residues, and said portion B has between about 9 to 
about 16 basic amino acid residues. 

37. The pharmaceutical composition of claim 35 or 36, 
further comprising a portion C cbvakntly attached to said 
portion B and comprising a cargo moiety. 

38. The molecule of claim 11, comprising a single cargo 
portion C linked to a plurality of portions B, each of portions 
B being linked to a cieavable linker portion X linked to an 
acidic portion A. 



